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Abstract 
 Schizotypy refers to a constellation of personality traits that are normally 
distributed within the general population. Schizotypy traits have a close relationship 
to schizophrenia, with shared cognitive, social and attentional deficits. While 
individuals with high schizotypy traits are less vulnerable to psychosis than those with 
schizophrenia, they have unique beliefs about the world and their mind’s ability to 
control it. These magical thinking styles diverge from social norms, often having a 
significant impact on an individual’s speech and appearance. The similarities in 
symptom presentation between schizotypy and schizophrenia, but without the impact 
of psychotic episodes, anti-psychotic medication and psychiatry hospital admission, 
make schizotypy a highly advantageous approach when investigating schizophrenia.  
A current widely accepted view on the development of schizophrenia lies 
around evidence of decreased neuronal connectivity between networks that support 
different cognitive processes.  Evidence for the role of neural oscillatory activity has 
linked rhythmic fluctuations to cognitive abilities including: working memory, visual 
perception, attention, social cognition and movement. Similar disruptions in neural 
connectivity have also been observed in schizotypy. 
At present, there appears to be limited treatments available that target the 
abnormal oscillatory activity observed in schizophrenia and schizotypy. Non-invasive 
brain stimulation (NIBS) techniques, such as transcranial alternating current 
stimulation (tACS), have been shown to modify the dynamics of neural oscillations, 
and there is potential therapeutic utility. However, this research is still very much in 
its infancy, with no large clinic trials to date investigating the technique in clinical 
populations.  
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This thesis examined whether tACS could modify alpha bandwidth activity 
associated with facial emotion recognition (FER), a key component of social 
cognition.  Broadly, this study intended to use tACS to modify neural oscillations 
with the aim to 1) investigate the effects of tACS on FER ability, 2) examine 
electrophysiological activity through electroencephalography (EEG) pre and post 
application of tACS during rest and FER task performance, and 3) explore the 
relationship between electrophysiological activity modification and FER with respect 
to schizotypy trait levels.  
 A within subjects, sham controlled, double blind study that used behavioural 
tasks and EEG was used in this thesis. Participants attended two experimental testing 
sessions.  
 Firstly, we present the effects of applying tACS on FER ability, as there is 
evidence for other similar forms of stimulation having a significant effect on this 
ability in schizophrenia. No differences in FER ability were found for any of the five 
emotions (happy, sad, fear, disgust and surprise) assessed.  
 Next, electrophysiological activity was examined for participants at rest and 
during the FER and n-back tasks. Electrophysiological activity was measured from 
each of the 9 EEG locations and collapsed across the following areas: frontal, central 
and parietal. No differences in electrophysiological activity were found between sham 
and active stimulation at rest or during the n-back task. However, a significant 
difference in mu suppression was found in the frontal region following active but not 
sham stimulation. Significant differences were not found at either of the two 
remaining regions (central or parietal).  
 Lastly, FER ability and electrophysiological activity following active and 
sham stimulation was compared against the level of participant schizotypal traits. 
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Correlations revealed no relationship between schizotypal trait level and FER ability 
or electrophysiological activity following active or sham stimulation. Additionally, 
when grouping participants in either high or low schizotypal trait groups, comparisons 
revealed no differences in FER ability or electrophysiological activity between high 
or low groups.  
 The findings of this thesis are, in many aspects, contradictory to the proposed 
hypotheses. Overall, we did not find any differences in FER ability following active 
stimulation or between participant schizotypal trait levels. Furthermore, no 
differences in electrophysiological activity were found at rest following active or 
sham stimulation, or during the FER task in the central or parietal regions. A 
significant difference in mu suppression following active stimulation, however, was 
found in the frontal region during the FER task. The findings of this thesis suggest 
that tACS has the capacity to modify neural oscillatory activity in the frontal region 
during an FER task.  However, these findings also highlight the infancy of work thus 
far in tACS and its ability to modify electrophysiological activity at the stimulation 
frequency. 
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Chapter 1 
Overview of the Clinical Characteristics and Aetiology of Schizophrenia and 
Schizotypal Personality 
 
Schizophrenia is a disabling psychiatric disorder characterised by a range of 
cognitive, emotional and behavioural dysregulations that have a profound impact on 
affected individuals and their families (Tandon, Nasrallah, & Keshavan, 2009). It is 
one of the largest contributors to the global burden of disease, with its impact on 
society disproportionately large considering its prevalence of 4 to 7 per 1000 persons 
(McGrath, Saha, Chant, & Welham, 2008; Saha, Chant, Welham, & McGrath, 2005; 
Thornicroft et al., 2004). First line treatments for schizophrenia are typically 
pharmacological, but these are effective for only a select portion of the symptoms and 
individuals (Thornicroft et al., 2004).  
Schizotypal personality disorder (SPD) is characterised by odd or eccentric 
behaviour that often leads to difficulties relating to others (American Psychiatric 
Association [APA], 2013). SPD has a close relationship to schizophrenia, with shared 
cognitive, social and attentional deficits. While individuals with SPD are less 
vulnerable to psychosis, they have unique beliefs about the world and their mind’s 
ability to control it. These “magical” thinking styles diverge from social norms, often 
having a significant impact on an individual’s speech and appearance (Chemerinski, 
Triebwasser, Roussos, & Siever, 2013). The similarities in symptom presentation 
between SPD and schizophrenia, but without the latter’s psychotic episodes, anti-
psychotic medication and psychiatry hospital admission, makes research in SPD an 
advantageous avenue towards better understanding schizophrenia.  
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Increasingly, research has focused on individual differences in schizotypal 
personality traits within the general population. Similar to SPD, schizotypal traits, or 
schizotypy, have also been examined when investigating the aetiology and treatment 
of schizophrenia (Ettinger, Meyhöfer, Steffens, Wagner, & Koutsouleris, 2014), as 
will be the focus of this thesis. Schizotypy refers to sub-clinical traits synonymous 
with SPD that exist in the general population and resemble the signs and symptoms of 
schizophrenia (Fanous, Gardner, Walsh, & Kendler, 2001).  
 Given the relevance of schizophrenia, SPD, and schizotypy to this thesis, this 
chapter will provide an overview of the diagnostic characteristics and aetiology of 
schizophrenia and schizotypal personality traits.  
1.1 Diagnostic Criteria 
The primary symptoms of schizophrenia are classified under positive and 
negative symptom domains (Tandon et al., 2009). These symptoms represent 
functions that either appear when they normally would not (positive), or do not appear 
when they normally should (negative) (Tandon et al., 2009). For a diagnosis of 
schizophrenia to be made, the Diagnostic and Statistical Manual for mental disorders 
5th edition (DSM-5) requires two or more of the following symptoms: delusions, 
hallucinations, disorganized speech, grossly disorganized or catatonic behaviour, and 
negative symptoms (diminished emotional expression or avolition). These need to be 
present for a significant portion of time during a 1-month period (American 
Psychiatric Association [APA], 2013). The level of functioning of the individual 
needs to be significantly disturbed, impacting more than one major area of their life 
(APA, 2013). Lastly, continuous signs of the disturbance must persist for at least 6 
months (APA, 2013).  
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A diagnosis of SPD made under DSM-5 requires a pervasive pattern of social 
and interpersonal deficits marked by acute discomfort with, and reduced capacity for, 
close relationships. In addition, there must be cognitive or perceptual distortions and 
eccentricities of behaviour, beginning by early adulthood, and present across a variety 
of contexts (American Psychiatric Association [APA], 2013). Five or more of the 
following criteria must be met for a SPD diagnosis to be made: ideas of reference 
(e.g. innocuous events viewed as significant), odd beliefs or magical thinking, unusual 
perceptual experiences, abnormal thinking and speech, suspiciousness or paranoid 
thinking, inappropriate constricted affect, odd or eccentric appearance or behaviour, 
lack of close friends, and excessive social anxiety (American Psychiatric Association 
[APA], 2013). These symptoms cannot occur in the context of a disorder of 
schizophrenia, bipolar disorder or autism spectrum disorder.   
Schizotypal personality traits are akin to that of SPD, however occur on a sub-
clinical level and do not significantly interfere with daily functioning (Ettinger et al., 
2014). Schizotypy is considered a collection of personality traits that is normally 
distributed within the general population (Haslam, Holland, & Kuppens, 2012). 
Schizotypy can be measured in the general population using clinical interviews or 
self-report measures (Ettinger et al., 2014).  
1.2 Symptomology of Schizophrenia  
 The symptomology of schizophrenia is characterized by a diverse set 
symptoms, including distortions in thinking and perception, cognitive impairments, 
motor abnormalities, avolition, difficulties in communication, and restricted affective 
expression (e.g. limited facial expressions) (Keshavan, Tandon, Boutros, & Nasrallah, 
2008; Silveira, Marques-Teixeira, & De Bastos-Leite, 2012). While there is some 
debate about the number of symptom domains in schizophrenia (Lenzenweger & 
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Dworkin, 1996), for the purpose of this thesis, symptoms will be classified into 
positive and negative symptom dimensions (Keshavan et al., 2008; Lenzenweger, 
Dworkin, & Wethington, 1989).  
1.2.1 Prodromal Symptoms  
Schizophrenia is a neurodevelopmental disorder, with the initial stages of the 
illness becoming evident in childhood (Marenco & Weinberger, 2000; Schenkel & 
Silverstein, 2004). Considered the “prodromal phase,” abnormalities include delays in 
motor development, attention deficits, impaired receptive language, poor academic 
achievement, social withdrawal/isolation and emotional detachment (Schenkel & 
Silverstein, 2004).  
1.2.2 Positive Symptoms 
Positive symptoms relate to an impairment in reality testing and include 
symptoms of delusions and hallucinations (Andreasen & Olsen, 1982). Reality 
distortion marks the formal onset of schizophrenia, where at least one of either 
delusions or hallucinations must be present for a diagnosis of schizophrenia to be 
made (American Psychiatric Association [APA], 2013; Elis, Caponigro, & Kring, 
2013). Pharmacological treatments available for schizophrenia directly and effectively 
reduce positive symptoms (Momeni & Raghibdoust, 2012), however 30% of 
individuals who strictly adhere to their medication regimen still experience positive 
symptoms (Momeni & Raghibdoust, 2012). 
1.2.2.1 Delusions. A delusion is a false belief that is resistant to reason or 
confrontation of actual fact (Barlow & Durand, 2011). In schizophrenia, delusions 
have varying degrees of persistence and content, which impacts an individual’s level 
of functioning. Approximately 50% of people with schizophrenia experience this 
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symptom (McLean et al., 2014; Mellor, 1970).  Persecutory delusions and delusions 
of reference are the most frequently reported delusions, however delusions of control, 
thought insertion, withdrawal and broadcasting can also occur (Mellor, 1970; Shinn, 
Heckers, & Öngür, 2013). 
 1.2.2.2 Hallucinations. In contrast to delusions, hallucinations are sensory 
experiences that are felt by an individual in the absence of a stimulus (Mueser, 
Bellack, & Brady, 1990). Hallucinations can occur in any of the five sensory 
modalities, however auditory hallucinations are most common in schizophrenia 
(Mueser et al., 1990). Hallucinations are highly prevalent, with 50-70% of individuals 
reporting to have experienced them at some point (Momeni & Raghibdoust, 2012).  
 1.2.2.3 Thought disorder. In schizophrenia, unusual or dysfunctional ways of 
thinking are characteristic of a set of symptoms known as thought disorder (Goldberg 
& Weinberger, 2000). The most common types of unusual thoughts associated with 
thought disorder are ‘disorganised thinking,’ where a person has trouble organising 
and connecting their thoughts logically, and ‘thought blocking,’ where a person stops 
speaking abruptly in the middle of a thought (Andreasen, 1979). Thought disorder 
symptoms are observed in approximately 40% of individuals with schizophrenia and 
can be effectively treated with antipsychotic medication (Schooler et al., 2016). 
 1.2.2.4 Movement disorder. Disruptions in movement in schizophrenia often 
present as agitated bodily activities, whereby a person repeats the same movement 
over and over (Bleuler, 1950). Other abnormalities in gait, posture and facial 
expression can also be present (Manschreck, 1982). These movements can be 
exacerbated by anti-psychotic treatments, which are associated with a variety of 
dramatic and/or subtle involuntary movements (Manschreck, Maher, Rucklos, & 
Vereen, 1982). At the extreme end of movement disorder, a person may not move or 
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respond at all (Manschreck et al., 1982). This is referred to as catatonia, however is 
more commonly seen in the absence of pharmacological treatments (Manschreck et 
al., 1982).   
1.2.3 Negative symptoms  
Negative symptoms are described as a loss of affective experience and 
expression, with disturbances in volition, such as apathy, avolition, and anhedonia 
(Walther & Strik, 2012). Approximately 15–20% of people with schizophrenia 
experience negative symptoms that persist during periods of clinical stability and 
remain unchanged by current pharmacological treatments (Buchanan, 2007). Some 
researchers suggest that negative symptoms may develop secondary to social 
deprivation, antipsychotic medication, or depression. However, the major consensus 
is that they are associated primarily with the disorder itself (Silveira et al., 2012).  
 1.2.3.1 Affective flattening. Affective flattening refers to decreased or 
restricted emotional expression, including facial, vocal, and nonverbal expression 
(Buchanan, 2007). Consistent with the restricted affect, a decrease in verbal 
production or fluency is also seen and described as alogia, or poverty of speech. 
Furthermore, decreases in the ability to experience pleasure from activities that are 
usually found enjoyable are also characteristic of negative symptoms and are referred 
to as anhedonia (Elis et al., 2013).  
 1.2.4 Social cognition. 
 Impaired social functioning, including deficits in communicating with others, 
maintaining employment, and functioning in the community, are a defining feature of 
schizophrenia (Bellack, Morrison, Wixted, & Mueser, 1990). They are evident in the 
prodromal period and are also seen in first degree relatives of individuals with the 
disorder (Dworkin et al., 1993). Deficits in social functioning impact negatively upon 
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quality of life, illness course, psychotic relapse, and employment (Tien & Eaton, 
1992). Current treatments for schizophrenia have had little to no impact in improving 
social cognition (Carter, 2006; Heydebrand et al., 2004).  
Theory of mind an aspect of social cognition, refers to the cognitive ability to 
infer others’ mental states, such as thoughts, beliefs, and intentions, allowing an 
individual to explain, manipulate, and predict behaviour (Harrington, Siegert, & 
McClure, 2005). Theory of mind is impaired in schizophrenia, and has been linked to 
social cognitive problems and disorganised thought (Harrington et al., 2005). 
1.2.5 Cognitive deficits  
Cognitive deficits are present in the prodromal period and primarily include 
deficits in working memory, executive functioning, and attention (Norman, 2001; 
Sponheim et al., 2010). Cognitive deficits are stable over time, although there is 
evidence for some deterioration as the illness progresses (Green, Kern, Braff, & 
Mintz, 2000). Cognitive deficits are considered to play a central role in the course and 
outcome of the illness (Green et al., 2000).  
1.3 Symptomatology of Schizotypal Personality Traits 
Similar to schizophrenia, schizotypal personality traits are characterized by 
idiosyncratic beliefs, ideas of reference, suspiciousness, social deficits and cognitive 
disorganisation that generally have an impact on an individual’s speech and 
appearance (Bergman et al., 1996; Bollini & Walker, 2007). These characteristics are 
derived from three underlying latent factors of cognitive-perceptual deficits. The 
factors are labelled positive schizotypy (i.e., present when they should absent), 
negative schizotypy (i.e., absent when they should be present, including interpersonal 
deficits), and disorganisation (Fossati, Raine, Carretta, Leonardi, & Maffei, 2003; 
Raine et al., 1994).  
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Schizotypal traits are present in childhood, and, consistent with a personality 
disorder, the symptoms represent an enduring pattern across the life-span (Bollini & 
Walker, 2007). During adolescence, individuals with schizotypy may exhibit non-
verbal communication deficits such as limited and abnormal gesturing, and are more 
likely to use the internet to communicate with peers than typically developing 
controls (Mittal et al., 2006; Mittal, Tessner, & Walker, 2007).  
1.3.1 Cognitive-perceptual deficits in schizotypy (positive schizotypy)  
The cognitive-perceptual deficits in schizotypy bear some resemblance to 
delusions and hallucinations reported in schizophrenia, as they tend to manifest as 
perceptual alterations. An example of this, as indicated on the schizotypal personality 
questionnaire (SPQ) (Raine, 1991), a self-report measure, is seeing shadows as real 
people, thinking people are talking about you, feeling people are watching you, seeing 
photos or pictures moving, or hearing a voice speak thoughts out loud (Ettinger et al., 
2014). Deficits in auditory and olfactory discrimination are also associated with this 
factor, and there are gait and fine motor skill deficits similar to that seen in 
schizophrenia (Bates, 2005; Lenzenweger & Maher, 2002; Park & Schoppe, 1997). 
The proportion of positive schizotypy symptoms in first-degree relatives was found to 
be related to the level of psychotic symptoms experienced by the relative with 
schizophrenia (Mata et al., 2003).   
1.3.2 Interpersonal deficits in Schizotypy (negative schizotypy) 
These deficits are characterised by limited interest, warmth, or empathy 
toward others (Raine, 1991). Social functions, such as pleasure, volition, and interest 
in others, are often reduced or absent (Ettinger et al., 2014). Evidence of genetic 
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overlap between schizotypy and schizophrenia is most consistently seen for the 
negative schizotypy factor (Tarbox & Pogue-Geile, 2011). 
1.3.3 Disorganised dimension in Schizotypy  
The components of the disorganised factor include thought disorder, where an 
individual has difficulty organising their thoughts. This typically results in speech that 
is vague, confusing, and difficult to comprehend (Ettinger et al., 2014; Raine, 1991).  
1.4 Aetiology 
 Schizophrenia represents a disorder characterised by a cluster of clinical 
symptoms for which there is currently no reliable biological marker (Fond et al., 
2015). The heterogeneity of the symptoms associated with schizophrenia has led to 
the development of numerous theories addressing how the disease manifests. The 
following section will review the aetiology of schizophrenia, and discuss similarities 
with schizotypal personality trait development. 
1.4.1 Heritability  
Early evidence from family, twin, and adoption studies suggest that 
schizophrenia has a strong genetic component, with heritability estimated to be up to 
70–80% (Kendler, 1988; Lyons et al., 2002; Tsuang, Stone, & Faraone, 2001). The 
genetic picture of schizophrenia is suggested to be multifactorial in nature, with 
studies reporting the presence of chromosomal translocations, deletions, and 
duplications in individuals with schizophrenia, indicating that genomic 
rearrangements contribute significantly to the genetic mechanism of the disorder 
(Blum, Oscar-Berman, Badgaiyan, Palomo, & Gold, 2014). Evidence for the genetic 
overlap between schizotypy and schizophrenia has been gleaned through family 
studies, where increased levels of schizotypy were found in family members of 
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individuals with schizophrenia (Calkins, Curtis, Grove, & Iacono, 2004).  Further 
support for the overlap of schizophrenia and schizotypy comes from a genome wide 
association study (GWAS) that found similarities between the genetic association 
profile of schizophrenia and schizotypy (Fanous et al., 2007). Schizotypy heritability 
estimates are assessed to be around 30 – 50% (Macare, Bates, Heath, Martin, & 
Ettinger, 2012). 
1.4.2 Environmental factors  
Due to the variability in the heritability of schizophrenia, it has been proposed 
that genes themselves interact with aspects of the environment to produce 
schizophrenia’s symptomology (Hosak, 2013). Prenatal and early life events, such as 
prenatal viral infections, maternal malnutrition, and stress during pregnancy, have 
been identified as factors related to the development of schizophrenia later in life 
(Brown, 2011). Furthermore, immigration status, being sexually abused as a child, 
living in an urban residence, and cannabis use are also risk factors for the 
development of schizophrenia (Réthelyi, Benkovits, & Bitter, 2013; Sullivan, 
Kendler, & Neale, 2003). These risk factors have also been identified to increase the 
likelihood of schizotypal personality traits (Johns & Van Os, 2001), thus providing 
further support for overlap between the disorders.  
1.4.3 Dopamine hypothesis  
The dopamine hypothesis is a widely supported model of schizophrenia that 
describes dopaminergic mechanisms as central to schizophrenia and psychosis. The 
dopamine hypothesis emerged from the discovery that anti-psychotic medications 
increased dopamine metabolism when administered to animals, and reduced the 
number of psychotic symptoms present in schizophrenia and psychosis (Meltzer & 
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Stahl, 1976). Schizophrenia is, therefore, considered to be fundamentally a disorder of 
dopamine dysregulation within the brain (Lau, Wang, Hsu, & Liu, 2013). Similarly, 
dopamine dysregulation has also been found in schizotypy, however the dysregulation 
was significantly lower when compared to schizophrenia in a worsening episode, 
suggesting dopamine dysregulation may be a trait component of both disorders (Johns 
& Van Os, 2001).   
1.4.4 Neural structural changes  
A range of abnormal neural structures have been identified in schizophrenia. 
These include reduced grey and white matter volume and disorganisation in the 
frontal and temporal lobe structures, and several structures in the right superior 
temporal gyrus (Ahmed, Buckley, & Hanna, 2013). Increases in ventricular size have 
also been noted and are generally associated with increases in both positive and 
negative symptoms (Kempton, Stahl, Williams, & DeLisi, 2010; Weinberger, Torrey, 
Neophytides, & Wyatt, 1979). Comparable structural abnormalities are not seen in 
schizotypal personality traits, however studies have found increases in total brain 
volume and cortical volume of the frontal lobe (Byne et al., 2001; Kühn, Schubert, & 
Gallinat, 2012). This increase in volume for people with high levels of schizotypy 
traits may suggest a protective property against the severity of symptoms seen in 
schizophrenia (Ettinger et al., 2014). Increased frontal lobe volume may reflect 
greater compensatory strategies in schizotypy, resulting in less severe symptomology 
than that seen in schizophrenia. Impairments in the frontal lobe in schizophrenia have 
been linked to deficits in working memory, cognition, emotion and motivational 
responses (Cardinal, Parkinson, Hall, & Everitt, 2002; Etkin, Egner, & Kalisch, 2011; 
Silver, Feldman, Bilker, & Gur, 2003). Additionally, deficits in the dopaminergic 
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pathways of the pre-frontal cortex have been linked to the positive symptoms of the 
disorder (Slifstein et al., 2015).  
1.4.5 Connectivity hypothesis  
The current widely accepted view on the development of schizophrenia lies 
around evidence of decreased neuronal connectivity between networks that support 
different cognitive processes (Camchong, MacDonald, Bell, Mueller, & Lim, 2011). 
Functional neuronal connectivity refers to the synchronous firing of groups of neurons 
whose activity oscillates at a particular frequency (Friston, 1998). Abnormalities in 
neural connectivity in schizophrenia are thought to originate from environmental 
factors and/or genetic vulnerabilities that cause lesions in circuits critical for cognition 
and emotion (Gaspar, Bosman, Ruiz, & Aboitiz, 2009). These lesions may then affect 
the normal positioning of neurons and the establishment of connectivity throughout 
development (Gaspar et al., 2009). Using fMRI and EEG, abnormal neural activity 
has been observed and related to deficits in facial processing, working memory, 
cognitive control, and visual processing (Antal et al., 2008; Dickerson, Wolff, & 
Bilkey, 2010; Farzan et al., 2010; Gandal, Edgar, Klook, & Siegel, 2012; Gardner, 
Kersanté, Jones, & Bartsch, 2014; Hernández et al., 2003; Hoy et al., 2014; Moran & 
Hong, 2011; Popov, Rockstroh, Popova, Carolus, & Miller, 2014b; Tan, Lana, & 
Uhlhaas, 2013).  
Similarly, disruptions in neural connectivity have been observed in 
schizotypy. Reduced network synchronization in the gamma and beta range in two 
correlated sets of electrodes (fronto-central and central-occipital) was seen in 
participants with high schizotypy during a working memory task (Koychev, Deakin, 
Haenschel, & El-Deredy, 2011). This finding suggests dysregulated cortico-cortical 
connectivity, which is also observed in schizophrenia (Koychev et al., 2011). 
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Furthermore, reductions in P100 and P300b connectivity amplitude have been found, 
suggesting information processing deficits similar to those seen in schizophrenia and 
the relatives of individuals with schizophrenia (Haenschel et al., 2007; Klein, Berg, 
Rockstroh, & Andresen, 1999). P300b is a positive component of ERPs that reaches 
its peak at around 300 ms, and is related to attention and arousal (Polich & Kok, 
1995), while P100 is a positive component of ERPs and is related to sensory 
processing (Desmedt, Huy, & Bourguet, 1983). This finding is particularly important 
to the current thesis, as it indicates that bandwidth activity research in schizotypy may 
be informative for schizophrenia.  
Of particular relevance to this thesis however, recent evidence, has identified 
abnormalities in neural oscillations in the sensory-motor cortex (as measured via 
electroencephalography [EEG]) as associated with deficits in FER, a feature of 
impaired social cognition (Popov et al., 2014b). Specifically, EEG alpha power in 
schizophrenia has been shown to be reduced and coherence to other networks 
increased in the sensory-motor cortex during a FER task (Popov et al., 2014b). These 
findings raise the possibility that modulation or enhancement of alpha activity in the 
sensory-motor cortex might facilitate improvements in social cognition in individuals 
with schizophrenia. This possibility will be explored in the present thesis.  
At present, there appears to be limited treatments available specifically 
targeting the abnormal bandwidth activity observed in schizophrenia and schizotypy. 
Non-invasive brain stimulation (NIBS) techniques, such as transcranial magnetic 
stimulation (TMS), transcranial alternating current stimulation (tACS) and 
transcranial direct current stimulation (tDCS), have shown some efficacy in the 
modulation of oscillatory activity (Lisman, 2012). Thus, there may be potential 
treatment options for symptoms related to abnormal oscillations through the 
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application of NIBS techniques. These techniques will form part of the focus of this 
thesis and will be discussed in further detail in chapter 2.  
1.5 Summary of Symptoms and Aetiology of Schizophrenia and Schizotypal 
Personality  
This chapter has provided a concise overview of the symptomology and 
aetiological hypotheses for schizophrenia and schizotypal personality traits. The 
considerable overlap of symptoms and aetiological factors between schizophrenia and 
schizotypal personality traits suggests that the symptoms of schizophrenia may exist 
on a continuum, with sub-clinical presentations exhibiting schizotypal personality 
traits and clinical presentations meeting criteria for schizophrenia (Ettinger et al., 
2014; Jablensky, 2006; Nelson, Seal, Pantelis, & Phillips, 2013; Tarbox & Pogue-
Geile, 2011; van Os, Kenis, & Rutten, 2010). Viewing schizophrenia as a spectrum 
disorder allows aetiological investigations to characterise members of the general 
population according to schizotypal traits, and studying these people accordingly. 
This is beneficial in many regards; for example, non-clinical samples are typically 
easier to recruit in larger numbers, schizotypal personality trait populations allow us 
to probe neurological networks that closely relate to schizophrenia, without the 
influence of psychosis, potent psychiatric medications, the impact of illness duration, 
and potential institutionalization factors from multiple hospital admissions. There is 
also a therapeutic motivation for investigating this population, as results are less likely 
to be confounded by medications and psychotic episodes. Additionally, the results 
may provide new avenues for the development of novel treatments for schizophrenia.  
The next chapter will review brain stimulation techniques that have been 
shown to modulate and entrain neural oscillations. This has specific relevance to the 
aforementioned connectivity hypothesis of schizophrenia, possible treatment 
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applications involving NIBS techniques and exploring the neurobiology of social 
cognition as it relates to schizophrenia. 
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Chapter 2  
Non-invasive Brain Stimulation Methods and Electrophysiological 
Techniques  
 Various frequency ranges, or “bandwidths,” of synchronous neuronal activity 
have been associated with a variety of cognitive functions (Varela, Lachaux, 
Rodriguez, & Martinerie, 2001). As mentioned in the previous chapter, abnormalities 
in neuronal synchronization have been linked to social cognitive deficits in 
schizophrenia, and are also observed in brain disorders such as epilepsy, autism 
spectrum disorder, Alzheimer’s disease, and Parkinson’s disease (Uhlhaas & Singer, 
2006). The emergence of NIBS techniques, which have the potential to modulate 
neural oscillations, raise the possibility of externally manipulating neuronal 
bandwidth activity (Brignani, Ruzzoli, Mauri, & Miniussi, 2013). External 
modulation of bandwidth activity has potential therapeutic application in disorders 
that involve abnormal neural oscillations, and can inform as to the role of neural 
oscillations in cognition and behaviour (Brignani et al., 2013). The following chapters 
will give an overview of the various NIBS techniques; however will focus specifically 
on tACS. 
2.1 Magnetic Stimulation 
 Transcranial magnetic stimulation (TMS) was first developed in 1985 as a 
non-invasive method of activating neuronal populations in the human brain (Barker, 
Jalinous, & Freeston, 1985; Merton & Morton, 1980). The principle of 
electromagnetic induction explains the function of TMS on the brain. A magnetic 
field sent through a coil placed over the head generates electrical current in the brain 
that can depolarize neurons (i.e., evoke actions potential) (Kobayashi & Pascual-
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Leone, 2003). The intensity and frequency of stimulation can be modified, rapidly 
changing the specificity and effects of stimulation. Generally, the higher the 
stimulation intensity, the more increased the effects on cortical function (Barker, 
1998). 
2.1.1 Repetitive transcranial magnetic stimulation (rTMS) 
 rTMS, is a form of TMS whereby multiple pulses of the same intensity and 
frequency are applied at one time, traditionally ranging from 1-20 pulses per second 
(Kobayashi & Pascual-Leone, 2003). The magnetic pulses of rTMS induce electrical 
current in brain tissue, which can elicit activity within excitatory and inhibitory 
neuronal systems (Kobayashi & Pascual-Leone, 2003). This repetitive delivery of 
pulses has been shown to successfully entrain oscillations in the brain to the 
stimulation frequency (Niedermeyer & da Silva, 2005). Specifically, alpha 
bandwidths have been found to be entrained at frequencies of 10 Hz while 
participants completed a social cognition task (Wölwer et al., 2014). Here entrainment 
refers to modifying an assembly of neurons to fire in concert to the frequency of an 
external force, i.e., stimulation (Thut, Schyns, & Gross, 2011a). Evidence for 
mechanisms involved in the ongoing entrainment of oscillations post rTMS are 
somewhat unclear, although some animal studies suggest the modulation of neuro-
transmitters (e.g., gamma-aminobutyric acid [GABA]) (Ben-Shachar, Belmaker, 
Grisaru, & Klein, 1997; Keck et al., 2000) and gene induction (Hausmann, Weis, 
Marksteiner, Hinterhuber, & Humpel, 2000; Ji et al., 1998) may contribute to the 
lasting effects of rTMS.  
rTMS has been used and approved in the treatment of depression, and there 
are numerous experimental trials investigating rTMS efficacy for obsessive 
compulsive disorder, autism spectrum disorder and schizophrenia (Enticott, Rinehart, 
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Tonge, Bradshaw, & Fitzgerald, 2012; Fitzgerald & Daskalakis, 2008; Kozel & 
George, 2002; Mantovani et al., 2006). The technique has efficacy in entraining 
neural oscillations that appear to be related to specific cognitive and behavioural 
processes (Blumberger, Fitzgerald, Mulsant, & Daskalakis, 2010; Brunoni & 
Vanderhasselt, 2014; Johnson, Hamidi, & Postle, 2010; Wölwer et al., 2014).  
Despite its demonstrated effectiveness, rTMS carries the risk of side effects, 
which may include seizure, headaches, tingling, spasms, and light-headedness. This, 
in addition to the loud volume of the pulses, and the relatively large size of the 
stimulator, renders rTMS inappropriate for individual take-home use (Abler et al., 
2005; Antal & Paulus, 2013). In light of this, and the potential of NIBS becoming a 
take-home therapeutic tool, two milder forms of stimulation have also been explored. 
These techniques are transcranial alternating current stimulation (tACS) and 
transcranial direct current stimulation (tDCS). When compared with rTMS, they are 
generally easier to administer, more compact in size, associated with fewer side 
effects, and can be used in people with seizure history (Antal & Paulus, 2013).  
2.2 Electrical Stimulation 
2.2.1Transcranial direct current stimulation (tDCS) 
 Transcranial direct current stimulation (tDCS) delivers a low intensity 
electrical current to the brain via a battery-powered generator that delivers a constant 
electrical current to two saline soaked electrodes attached to the device, see figure 
2.1 (Zaghi, Acar, Hultgren, Boggio, & Fregni, 2010). tDCS is different to TMS in 
that it does not directly induce neuronal action potentials. Rather, tDCS increases or 
decreases a neuron’s excitability, or resting membrane potential, thereby increasing 
or decreasing the likelihood of an action potential occurring depending on the mode 
of delivery (Zaghi, Acar, et al., 2010). Anodal tDCS has been demonstrated to 
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encourage excitatory cell depolarisation, increase neuronal firing rates, while 
cathodal tDCS encourages hyperpolarization of cells, decreasing firing rates (Fritsch 
et al., 2010; Nitsche & Paulus, 2000; Nitsche et al., 2003; Ranieri et al., 2012). 
Anodal tDCS has been shown to alter GABA concentrations (Stagg et al., 2009). 
GABA is the primary inhibitory neurotransmitter in the human brain and contributes 
to the modulation of cortical oscillations (Mann & Paulsen, 2007). Thus, tDCS 
seemingly provides an improved cortical environment for the modulation of 
oscillations, via its effects on GABAergic activity, making it a viable neuro-
modularity intervention (Nitsche et al., 2008).  
 
 
 
 
 
 
Figure 2.1. Example of a tDCS set-up, depicting tDCS machine and electrodes 
covered in sponges (Mueller, n.d.). 
  
The most significant polarizing effects of tDCS are normally restricted to 
activity underneath the electrode, however the functional consequences of 
stimulation appear to extend beyond the immediate site of stimulation (Zaghi, Acar, 
et al., 2010). For example, studies have shown that anodal stimulation of the primary 
motor cortex has inhibitory effects on contralateral motor areas (Fujimoto, 
Yamaguchi, Otaka, Kondo, & Tanaka, 2013). The main limitation of tDCS is related 
to the lack of specificity in the large electrodes that are used by the technique and 
that consequently stimulate surrounding areas (Fujimoto et al., 2013). In 
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consideration of this, a technique known as high definition tDCS (HD-tDCS) has 
been developed, which uses arrays of specialised compact scalp electrodes to deliver 
current and subsequently improve the focality of electrical current administration 
(Lang et al., 2005). 
 Oscillatory changes induced by tDCS appear to be non-specific to stimulation. 
Essentially, tDCS improves the efficiency of cortical networks in the case of anodal 
and decreases efficiency in the case of cathodal stimulation (Balconi & Vitaloni, 
2012). Therefore, tDCS modifies the related bandwidths to the task being performed, 
in the area of stimulation. Numerous studies have examined tDCS’s specific effects 
on oscillatory activity and have consistently shown tDCS to enhance oscillations 
relevant to the task being assessed, rather than the stimulation frequency (Balconi & 
Vitaloni, 2012; Hoy et al., 2013; Jacobson, Ezra, Berger, & Lavidor, 2012; Keeser et 
al., 2011; Maeoka, Matsuo, Hiyamizu, Morioka, & Ando, 2012; Notturno, Marzetti, 
Pizzella, Uncini, & Zappasodi, 2014; Polanía, Nitsche, & Paulus, 2011; Spitoni, 
Cimmino, Bozzacchi, Pizzamiglio, & Di Russo, 2013; Suntrup et al., 2013; Wirth et 
al., 2011; Zaehle, Sandmann, Thorne, Jäncke, & Herrmann, 2011). Therefore, tDCS 
may be more effective in regulating widespread brain functions, thereby improving 
general cognitive efficiencies that are clearly related to certain brain networks 
(Zaehle, Rach, & Herrmann, 2010a). 
 2.2.2 Transcranial alternating current stimulation (tACS) 
 Transcranial alternating current stimulation (tACS) is a more recently-adopted 
technique that is similar to tDCS in its application, delivered via a battery-driven 
constant-current stimulator with two saline-soaked conductive-rubber scalp electrodes 
(Zaghi, Acar, et al., 2010). The aim of tACS is to modify ongoing neural oscillations 
in the brain via the application of an alternating current, which cycles backwards and 
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forwards across a fixed stimulation frequency, see figure 2.2  (Antal et al., 2008; 
Antal & Paulus, 2013). Accordingly, this technique relies on the premise that external 
application of oscillating electrical currents is able to influence cortical excitability, 
and when applied at various frequencies (0.1 - 80 Hz), may be able to interact with 
ongoing bandwidths within the brain (Antal & Paulus, 2013; Moliadze, Antal, & 
Paulus, 2010).  
 
 
 
 
 
 
Figure 2.2. Illustration of the difference in electrical stimulation application between 
tDCS and tACS (Jaberzadeh, Bastani, Zoghi, Morgan, & Fitzgerald, 2015).  
 
This technique can be applied across a wide frequency range, however the 
majority of research provides findings for frequencies between 0.1 – 40 Hz. These 
results will be discussed in further detail in chapter 3 (Antal & Paulus, 2013). tACS’s 
efficacy in bandwidth modification seems to be dependent on the type of task being 
performed, the intensity of the stimulation and the power of the intrinsic oscillations 
at baseline (Antal et al., 2008; Herrmann, Rach, Neuling, & Strüber, 2013a). With 
respect to the intensity of stimulation, tACS at 140 Hz over the motor cortex has been 
shown to have: no effect at 0.2 mA intensity, an inhibitory effect at 0.4 mA, no effect 
at 0.6 to 0.8 mA and an increased effect 1 mA on motor evoked potentials (MEPs) 
(Moliadze, Atalay, Antal, & Paulus, 2012). These results suggest that tACS has 
preferential inhibitory and excitatory intensities (Berger et al., 2011).  
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 Unlike rTMS, tACS allows continuous stimulation below action-potential 
threshold (Zaghi, Acar, et al., 2010). The frequency or amplitude of tACS can easily 
be varied and stimulation intensity can be used at or above skin sensation threshold 
(Thut, Schyns, & Gross, 2011b). At a cellular level, tACS is able to alter 
transmembrane potentials and polarise the field intensity (Chan, Hounsgaard, & 
Nicholson, 1988; Deans, Powell, & Jefferys, 2007). tACS’s effects on cell 
polarization appear to have an inverse relationship with the frequency of stimulation, 
whereby an increase in stimulation frequency results in a decrease in a cell’s response 
to stimulation. The rate and timing of spiking neurons is modulated by tACS, which 
can then go on to influence the interactions between neurons, generating a feedback 
loop and thus allowing an excitable state for oscillatory rhythms to become entrained 
(Chan et al., 1988; Fröhlich & McCormick, 2010; Reato et al., 2013). Currently, the 
in vivo electrophysiological mechanisms of tACS are poorly understood, due in part 
to the large artefacts that appear through EEG data during active tACS sessions 
(Helfrich & Schneider, 2013). However, modelling approaches have shown that 
rhythmic spiking activity can be derived by an externally applied electrical current in 
anaesthetised ferrets (Herrmann, Rach, Neuling, & Strüber, 2013b).  
 As explained above, tACS has been shown to have a specific effect on 
oscillatory activity, entraining oscillations at the specific frequency of stimulation 
(Boyle & Frohlich, 2013; Helfrich et al., 2014; Neuling, Rach, & Herrmann, 2013; 
Pahor & Jaušovec, 2014; Pogosyan, Gaynor, Eusebio, & Brown, 2009; Zaehle et al., 
2010a). In light of this, tACS may be better suited than other techniques to modulate 
cognitive functions that are closely related to specific brain frequencies (Zaehle et al., 
2010a). 
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Blinding can be somewhat difficult in the case of tACS due to the visual 
phosphines (flashing lights) experienced by participants while receiving stimulation 
(Turi et al., 2013). According to the findings of Turi et al. (2013), beta and gamma 
frequencies induced the most intense and frequent sensations during stimulation, 
however the sensations were generally perceptible between 7 and 80 Hz. The authors 
suggested that the sensations evoked by tACS might modify the alertness of 
volunteers and potentially be capable of altering attentional processes. In considering 
this, research has begun to identify the intensity where scalp tingling and phosphines 
could be observed, and deliberately stimulate at a lower intensity to avoid invalidating 
the sham condition (Jaušovec & Jaušovec, 2014; Neuling et al., 2013; Pahor & 
Jaušovec, 2014; Strüber, Rach, Neuling, & Herrmann, 2015; Strüber, Rach, 
Trautmann-Lengsfeld, Engel, & Herrmann, 2014; Vossen, Gross, & Thut, 2015; 
Vosskuhl, Huster, & Herrmann, 2015; Zaehle, Rach, & Herrmann, 2010b). 
Subsequently, lowering the intensity of stimulation may be an effective method for 
eliminating phosphines and tingling associated with tACS. In contrast to reducing the 
stimulation intensity, Wach et al. (2013) employed a flicker stimulus in both the sham 
and active stimulation sessions to overcome any flickering light sensations 
experienced. The authors found that this procedure was successful in masking the 
effects, with participants’ correct assessment of the stimulation being no greater than 
chance. Therefore, employing a flicker stimulus during stimulation may also be an 
effective method to ensure participant blinding is upheld. 
 While tDCS and tACS appear more suitable for take home use due to their 
size and safety profile when compared to TMS, there are some limitations to consider. 
As mentioned earlier the electrodes used in the techniques are quite large, commonly 
measuring 5cm x 7cm in size. A consequence of the large electrode sizes is the lack of 
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 39 
focality in stimulation, resulting in numerous regions receiving stimulation, 
subsequently confounding results (Helfrich et al., 2014). Furthermore, there are some 
side effects related to the stimulation methods, the most common being itching and 
burning sensations at the electrode locations. Upon repeated active stimulation 
sessions, these sensations can lead to dermatitis-like symptoms at the electrode sites 
(Brunoni, Boggio, Ferrucci, Priori, & Fregni, 2013; Brunoni et al., 2012).  
2.3 Techniques for Measuring Oscillatory Activity in the Brain 
 By using techniques that measure functional neurological activity, the 
oscillatory effects of NIBS on the brain can be determined. In terms of measuring 
specific bandwidth activity changes, two techniques are mainly used and will be 
discussed below. 
2.3.1 Electroencephalography (EEG) 
 Electroencephalography (EEG) measures electrical activity within the brain, 
which can be used to detect oscillations or rhythms of electrical brain activity, using 
surface electrodes that are affixed to the scalp and connected to an amplifier, see 
figure 2.3 (Bera, 2015). Bandwidths observed through EEG are the collections of 
large numbers of synchronous activity across many neurons. The synchronous activity 
has characteristic frequency patterns, which are associated with different states of 
brain functioning (Tatum IV, 2014), and fall within five main frequency bands 
observed under EEG, known as: delta (1 – 4 Hz), theta (4 - 8 Hz), alpha (8 - 13 Hz), 
beta (13 – 30 Hz) and gamma (30 - 70 Hz) (Feurra et al., 2013), see figure 2.4 for an 
illustration of the different bandwidth patterns. Chapter 3 will discuss more 
specifically the functions each frequency band is associated with. 
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In cognitive neuroscience, there are two main methods for analysing EEG; 
event related potentials (ERPs) and spontaneous EEG. ERPs are the brain’s 
electrophysiological response to a stimulus, whereas spontaneous EEG refers to brain 
activity naturally produced (e.g., at rest) (Bera, 2015).  
 
 
 
 
 
 
Figure 2.3. Image showing EEG cap with electrodes connected to an amplifier 
(Weissman, n.d.). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. Image depicting the different patterns of bandwidth activity observable 
under EEG (taken from current thesis EEG data recordings).  
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 EEG is inexpensive in comparison to other brain imaging techniques, has high 
temporal resolution, no harmful side effects, and provides a great deal of information 
about the changes and patterns of bandwidth activity (Bera, 2015). However, EEG 
recordings have weak spatial resolution, can be influenced by external electrical 
activity and are somewhat confounded by the scalp (Bera, 2015). 
2.3.2 Magnetoencephalography (MEG) 
 Magnetoencephalography (MEG) also allows an identification and 
measurement of brain activity from outside of the scalp, but here this is achieved by 
detecting the magnetic fields that arise from electrical brain activity, see figure 2.5 
(Hämäläinen, Hari, Ilmoniemi, Knuutila, & Lounasmaa, 1993). It is among the newest 
and most advanced technologies in brain activity recording, as it is non-invasive and 
records the brain while it is actively functioning without being distorted by the scalp. 
MEG records ongoing neural activity with excellent temporal and spatial resolution, 
allowing activity to be observed within milliseconds of it occurring and with neural 
precision. This technique has been primarily used in epilepsy and is often used in 
conjunction with EEG, as the magnetic waves detected via MEG provide 
complimentary information to that of the electrical ones (Hämäläinen et al., 1993).   
 The advantages of MEG are that it has excellent temporal and spatial 
resolution, and that the detected magnetic fields are less influenced by brain 
structures, fluids, tissues and the skull (Bera, 2015).  However, MEG is very 
expensive, often being paired with MRI to maximise source location. As a result, 
MEG is 10 times as costly as EEG, and is extremely sensitive to external noise 
(Hämäläinen et al., 1993). Nevertheless, it does have a superior signal-to-noise ratio 
when compared to EEG. 
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Figure 2.5 Image illustrating an MEG machine and how it is applied for recording 
(Wikipedia, 2016). 
 
2.4 Summary and conclusion 
 In this chapter, neuroscience techniques that show promise in modifying and 
measuring neural oscillations have been described. TMS and rTMS appear to be 
promising techniques in directly influencing action potentials of the brain. Thus far, 
they are being used experimentally in clinical trials and in approved treatment trials 
for depression. However, the range of side effects coupled with the cumbersome 
equipment and requirement to have medical staff present make these techniques 
unlikely for at home use. The simple, safe and compact nature of tACS and tDCS 
make these techniques a viable avenue for therapeutic use in disorders characterised 
by abnormal neural activity. Both techniques apply low current to the brain, with 
tACS applying an oscillating current between two electrodes. The 
electrophysiological findings of the effects of tDCS and tACS support the contention 
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that tDCS has a more general effect on cortical activity (and therefore bandwidth 
modification), while tACS seems capable of modifying neural oscillations at the 
stimulating frequency.  
When considering the aim of this thesis to modify neural oscillations, it was 
determined that tACS is the optimal technique. Additionally, while MEG promotes 
desirable attributes of neural temporal and spatial specificity, the costs associated with 
the technique are excessive when compared to EEG. EEG has high temporal 
resolution and provides rich detail around bandwidth activity. Accordingly, EEG was 
used for this thesis to observe oscillatory activity (both pre and post stimulation). As 
mentioned above, tACS produces large artefacts in EEG recordings, making 
bandwidth observation during stimulation unachievable for this thesis.  
The next chapter will further elaborate on this section, providing a systematic 
review evaluating the evidence for tACS’s efficacy in modifying neural oscillations. 
Additionally, the review will also assess the methodology used by past research to 
ascertain the optimal conditions for bandwidth entrainment via this technique. 
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Chapter 3 
Can transcranial alternating current stimulation entrain neural oscillations at the 
frequency of stimulation? 
3.1 Introduction 
 Neural oscillations are rhythmic fluctuations in local field potentials that result in 
cyclic changes in the excitability of local neuronal populations (Thut, Miniussi, & Gross, 
2012). Specific patterns of neural oscillations have been linked to many cognitive and 
behavioural outcomes, including working memory, memory retention (Fujimoto et al., 
2013), visual perception (Brignani et al., 2013), attention (Coffman, Clark, & Parasuraman, 
2014), inhibition, and movement (Antal et al., 2008). Abnormalities in oscillatory activity 
have also been linked to neurological and psychiatric conditions including schizophrenia, 
Alzheimer’s disease, Parkinson’s disease, ischemic strokes, and autism (Bachman et al., 
2008; Brignani et al., 2013; Dubovik et al., 2013; Hansen, 2012; Qu, Wang, Yan, & Du, 
2014; Uhlhaas & Singer, 2006). Of particular relevance to this thesis, dysregulations in 
alpha and gamma bandwidths in schizophrenia have been linked to deficits in social 
cognition and working memory, respectively (Bachman et al., 2008; Popov et al., 2014b). 
This raises the possibility of interventions that target specific aspects of oscillatory activity 
having therapeutic utility.   
 As discussed in the previous chapter, NIBS techniques have been shown to modify 
specific brain oscillations at a set frequency, resulting in a progressive increase in power in 
the band being entrained (Dayan, Censor, Buch, Sandrini, & Cohen, 2013). rTMS has thus 
far been shown to successfully modulate theta, alpha, beta, and gamma oscillatory activity 
(Romei, Driver, Schyns, & Thut, 2011), and has linked specific oscillatory dynamics to 
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distinct perceptual processes in humans (Romei et al., 2011; Thut, Veniero, et al., 2011). 
Similarly, tACS has been shown to modify the dynamics of neural oscillations through an 
alternating electrical current (Bindman, Lippold, & Redfearn, 1964; Kuo & Nitsche, 2012; 
Wach et al., 2013). This chapter will provide a systematic review of the literature to 
determine the degree to which tACS is able to modulate specific neural activity at the 
frequency of stimulation.  
tACS’s effects on neural activity appears to be able to selectively modulate cortical 
oscillations through the delivery of a current that alternates at a specific frequency back and 
forth between two electrodes (Helfrich et al., 2014; Herrmann et al., 2013a). Subsequently, 
tACS may be directly entraining neural oscillations. The physiological effects of tACS 
during stimulation have been investigated in anaesthetized ferrets, who were stimulated 
while simultaneous local field potentials and multiunit activities were recorded (Ali, 
Sellers, & Fröhlich, 2013). During stimulation, local field potentials revealed spiking 
activity to have become synchronized to different driving frequencies, suggesting that 
entrainment of neuronal firing can occur to the electrically applied field (Ali et al., 2013). 
However, due to the large artefacts produced by tACS in EEG recordings, few studies have 
successfully observed the electrophysiological effects of tACS during stimulation (Boyle & 
Frohlich, 2013; Helfrich et al., 2014). Consequently, in current research entrainment is 
inferred through electrophysiological recordings pre and post stimulation, where neural 
activity appears to adapt to the frequency of external field currents being applied. 
 At present, the research conducted into the effect of tACS on neural oscillations 
shows a large degree of methodological variation (Boyle & Frohlich, 2013; Dubovik et al., 
2013; Wach et al., 2013; Zaehle et al., 2010a; Zaehle et al., 2011). Therefore, the aim of this 
review is to establish which methodologies have shown success in the modification of neural 
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oscillations, and is therefore worthy of further study (possibly including clinical trials).   
3.2 Search strategy  
 The purpose of the search was to identify existing studies that used tACS in order to 
entrain or modify neural oscillations in the conscious human brain. Studies were limited to 
those written in English. Other limiters within individual databases were not used. This 
search strategy was conducted via Ebscohost in the following databases on the 16th April 
2016: PsychInfo, Medline and Scopus. A by-hand search of Google Scholar was also 
conducted, as was a review of the reference lists of studies that met the full inclusion 
criteria. Grey literature was searched but not included in this review. Box 1 outlines the 
search terms used.  
This review has been informed by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement (Moher, Liberati, Tetzlaff, & Altman, 
2009). Figure 3.1 highlights steps taken via for the PRISMA statement for this thesis. 
Box 1. Search Terms 
Search Terms: 
(1) “brain stimulation”, OR “transcranial electrical stimulation”, OR “transcranial 
alternating current stimulation” OR “tACS”; (2) “oscillations”, OR “brain waves”, OR 
“bandwidths”, OR “neural oscillations”; (3) “delta”, AND “theta”, AND “alpha”, AND 
“beta”, AND “gamma”.  
 The inclusion criteria established were as follows: 
(i) The initial search was conducted on April 16th, 2016. 
(ii) tACS was used as the main stimulation method  
(iii) The studies examined neural oscillations or particular neural bandwidths 
(iv) The effects of tACS on neural oscillations were investigated/reported through 
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EEG or MEG equipment only 
(v) Only samples comprising conscious healthy participants 
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3.3 PRISMA flow diagram  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 shows a flow diagram of the processing of search results from initial searches to 
the final included studies. A total of 10 studies met criteria for this review. Due to the small 
literature base on the topic of this review no quality analysis could be undertaken. 
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 3.4 Results 
 Table 1 shows the ten studies identified in the literature that met search criteria. Six of the ten studies found significant 
modifications in bandwidth power specific to the tACS frequency applied in the parietal (Pahor & Jaušovec, 2014; Vossen et al., 2015; 
Zaehle et al., 2010b) and occipital (Boyle & Frohlich, 2013; Helfrich et al., 2014; Neuling et al., 2013) EEG locations. In contrast, the 
remaining four studies found no effects on bandwidth activity (Jaušovec & Jaušovec, 2014; Strüber et al., 2015; Strüber et al., 2014; 
Vosskuhl et al., 2015). 
Table 1. Studies using tACS to modify bandwidth activity as measured by EEG or MEG.  
Reference   
Helfrich, Schneider,  
Rach, Trautmann-
Lengsfeld, Engel, 
and Herrmann 
(2014) 
 
  
n 14 
Outcome 
measure 
Visual oddball paradigm 
EEG/MEG •EEG during stimulation 
•Resting state: one-minute pre and post stimulation 
Sham •Stimulation was performed for 10 s then turned off 
•All participants confirmed they could not feel skin pricking or see flashing lights 
•Sham always preceded active stimulation 
Intensity & 
frequency 
•1000 μA  
•Electrodes 5 cm x 7cm in size 
•10 Hz frequencies were applied 
Location CZ and OZ 
Duration 20 minutes 
Results •Significantly increased alpha power in the parieto-occipital cortex 
•Increased power outlasted stimulation offset  
•Significant increase in frequency applied alpha power in the CPZ, PZ and POz EEG locations 
Zaehle, Rach, and 
Herrmann (2010) 
n 20 
Outcome Visual change detection task during stimulation to ensure vigilance 
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measure 
EEG/MEG •Resting EEG recorded pre and post stimulation  
•First three minutes of the task 
Sham Stimulator remained off while all other parameters were kept the same 
Intensity & 
frequency 
•Intensity set to 250μA below the lower threshold for either phosphine or skin pricking 
•Intensity ranged from 1120 ± 489μA 
•Sponges 5 cm x 7 cm in size 
•10 Hz frequencies applied 
Location PO9 and PO10 
Duration •10 minutes 
•2 sessions 
Results Significant increase in frequency applied alpha power in the CPZ, PZ and POz EEG locations 
Neuling, Rach, and 
Herrmann (2013) 
 
  
n •19 controls; eyes closed experiment  
•22 controls; eyes open experiment 
Outcome 
measure 
Auditory detection task performed pre and post stimulation to ensure vigilance 
EEG/MEG •EEG recorded for 5 minutes pre stimulation 
•30 minutes pre and post stimulation, while participants performed the task (eyes either open or 
closed, depending on experimental condition) 
Sham 30 s of stimulation before being turned off 
Intensity & 
frequency 
•Intensity applied at the highest it could be without participants experiencing phosphine or skin 
pricking. 1500 μA starting point, progressively increased by 100μA until the participant 
reported side effects 
•Electrodes 5 cm x 7 cm in size 
•IAF calculated for participants 
•Power peak in the alpha range (8 – 12 Hz) was considered IAF 
Location CZ and OZ 
Duration 20 minutes. 2 sessions 
Results •Eyes close experiment: no significant differences in alpha power, however, alpha coherence 
was increased compared to sham 
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•Eyes open experiment: endogenous power in the alpha range was enhanced 
Boyle and Frohlich 
(2013) 
 
  
n 2 
Outcome 
measure 
No task 
EEG/MEG •EEG applied simultaneously during stimulation and pre and post stimulation 
•Recordings were taken with participants deliberately opening and closing eyes 
Sham No sham 
Intensity & 
frequency 
•0.1 to 1 mA peak-to-peak 
•Electrodes 5 cm x 7cm in size 
•40 Hz (median frequency was established for each participant via EEG pre-stimulation) 
•The feedback system simultaneously applied tACS and processed EEG data so that 
endogenous brain activity dynamically informed stimulation 
Location CZ and OZ 
Duration •Single session 
•12 minutes 
Results Feedback stimulation suppressed alpha power as well as state transitions caused by opening and 
closing the eyes, more so than dose matched randomly administered 40 Hz tACS 
Jaušovec and 
Jaušovec (2014) 
 
  
n •24 controls  
•Two groups; group 1: electrode over frontal portion of the scalp, group 2: parietal portion 
Outcome 
measure 
•A visual array comparison task used post stimulation to measure working memory capacity 
EEG/MEG •Resting EEG, eyes closed recorded pre stimulation for five minutes 
•EEG recorded post stimulation during the visual-array task 
Sham Sham applied for 30 s, and then turned off 
Intensity & 
frequency 
•Intensity was kept 250 μA below the lower threshold for skin sensations and phosphine, never 
above 2250 μA 
•Electrodes 5 cm x 7 cm 
•Participant’s IAF recorded pre stimulation and used to adjust to the theta frequency delivered 
by tACS 
Location F3 or P3 
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•Reference electrode above right eyebrow 
Duration •15 minutes.  
•Two sessions, one sham and one active 
•Sessions 28 days apart as matched to participant’s menstrual cycle 
Results No significant differences in either of the brain regions was observed 
Pahor and 
Jaušovec (2014) 
  
n •24 controls  
•Two groups; frontal or parietal region stimulation 
Outcome 
measure 
•Two fluid intelligence tests solved post stimulation with simultaneous EEG recorded 
•Tests were the RAPm and the paper folding and cutting sub-test from the Standford Binet IQ 
test 
EEG/MEG •Resting EEG recorded post stimulation for 5 minutes 
•EEG recorded during the completion of the fluid intelligence tests 
Sham Sham stimulation turned off after 1 minute of stimulation 
Intensity & 
frequency 
•Intensity of stimulation was based on individual determined thresholds for skin pricking. 
Starting at 1000 μA stimulation was increased stepwise by 250 μA, until a maximum of 2250 
μA was reached 
•Stimulation was kept 250μA below the threshold for skin pricking (m =750μA) 
•Target electrode 7 cm x 5 cm in size, reference electrode 10 cm x 7 cm  
•Frequency applied at oscillating theta currents based on the IAF of each participant (IAF - 5 
Hz = theta) 
Location •Target electrode P3 or F3 
•Reference electrode above right orbitofrontal cortex 
Duration •15 minutes. 2 sessions; active and sham 
•Stimulation matched to female participant’s menstrual cycles 
Results •Significant difference observed in the lower-2 alpha band and theta power in the frontal group 
•Significant differences in the lower-1 and lower-2 alpha bands observed in the parietal group 
Vossen, Gross, and 
Thut (2015) 
  
n 12 
Outcome 
measure 
Visual change detection task to ensure vigilance during stimulation 
EEG/MEG EEG recorded for 2 minutes pre and post stimulation; and during stimulation 
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Sham 10 cycles ramp-up, 10 cycles ramp down administered at the beginning of the sessions 
Intensity & 
frequency 
•IAF was determined and ranged from 8 to 11 Hz across participants 
•tACS-intensity was adjusted below individual phosphine- and discomfort ranging from 1.35 to 
2 mA (peak-to-peak) 
•short, phase-continuius condition (shortCo), tACS switched on for 30 cycles followed by an 
off period of the same cycle 
•long, phase-continuous condition (LongCo), tACS switched on/off with phase continuity for 
80 cycles in 90 repetitions 
•long, phase discontinuous condition (longDis), identical to Long Co, except that phase-
continuity was disrupted across single tACS-epochs 
•Electrodes 5 cm x 7 cm  
Location PO7/PO9 and PO8/PO10 
Duration 11 (ISF of 11 Hz) to 15 (ISF of 8 Hz) minutes based on differences in individual alpha 
frequencies 
Results •Significant alpha enhancement found for both the long tACS conditions compared to sham but 
not for the short condition 
•tACS-induced aftereffects observed at or above the preferred cortical frequency but not at the 
stimulation frequency 
Vosskuhl, Huster, 
and Herrmann 
(2015) 
  
n 33; 17 in active and 16 in sham 
Outcome 
measure 
•Digit span forward and backward task performed before, after and during stimulation 
•3-back completed pre and post stimulation 
EEG/MEG •EEG recorded pre stimulation during task completion and during stimulation 
 
Sham Current was built up and reduced for 10 seconds at the beginning and the end of the stimulation 
period 
Intensity & 
frequency 
•Stimulation strength was determined for each subject by administering a staircase procedure, 
starting at 100 μA 
•Final stimulation strength was adjusted to 100 μA below that threshold 
•Individual theta frequency was calculated 
•Electrodes 5 cm x 7 cm 
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Location FcZ and PZ 
Duration 18 minutes 
Results Frequency spectra revealed theta amplitude increases were shown to be different between the 
two groups 
Strüber, Rach, 
Neuling, and 
Herrmann (2015) 
  
n 13 
Outcome 
measure 
Visual detection task to ensure vigilance 
 
EEG/MEG •EEG recorded initially to identify participants’ IAF, eyes were closed (3-minutes) 
•Recorded for 1.5 seconds pre and post each 1-second burst of tACS 
Sham •No sham condition.  
Intensity & 
frequency 
•1.5 mA initially, decreased or increased by .1 mA depending on whether or not participant 
reported sensation. Stimulation was 0.100 mA below the highest intensity whereby no 
stimulation observed 
•IAF and a control session of IAF*3.1 Hz was applied 
 
Location CZ and OZ 
Duration 300 trials of 1 second bursts of tACS 
Results •No significant power differences were found between conditions 
•No significant entrainment effects were found for alpha 
Strüber, Rach, 
Trautmann-
Lengsfeld,  Engel, 
and Herrmann 
(2014)  
n •45 controls 
•Ex 1: 14 controls 
•Ex 2: 13 controls 
•Ex 3: 15 controls 
Outcome 
measure 
Stroboscopic alternative motion (SAM) task during stimulation 
EEG/MEG 3 minute pre and post resting EEG recordings  
Sham Sham stimulation was turned off after the detection of the sensory threshold 
Intensity & 
frequency 
•Participants’ intensity level were measured by starting at 1.5 mA and either decreasing or 
increasing by 0.1 mA 
•Ex 1: 40 Hz and sham were applied  
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•Ex 2: 6 Hz and sham were applied 
•Ex 3: 40 Hz and 6 Hz was applied with sham 
•Sham stimulation was turned off after the detection of the sensory threshold 
Location •Ex 1 and 2: electrodes placed P7-PO7 and P8-PO8 
•Ex 3: electrodes placed C3, C4, 01 and 02 
Duration •15 minutes 
•Ex: 1 and 2: two sessions where sham was followed by active stimulation 
•Ex: 3: consisted of two sessions 40 Hz and 6 Hz pre and post sham applied 
Results •Ex 1: significantly increased hemispheric coherence in gamma range following active tACS, 
no significant differences in gamma power found 
•Ex 2: no significant differences found  
•Ex 3: no significant differences found 
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3.5 Discussion 
  The results of this systematic review show varied findings regarding the 
effectiveness of tACS in specifically modifying neural oscillations at the stimulation 
frequency. Under some conditions, there appears to be an indication of bandwidth 
modification when matched to the stimulation frequency (Boyle & Frohlich, 2013; 
Helfrich et al., 2014; Neuling et al., 2013; Pahor & Jaušovec, 2014; Vossen et al., 
2015; Zaehle et al., 2010b), however this was not consistent across all of the studies 
reviewed (Jaušovec & Jaušovec, 2014; Strüber et al., 2015; Strüber et al., 2014; 
Vosskuhl et al., 2015). Nonetheless, some key methodological findings from the 
review can be synthesised to ascertain the optimal conditions for stimulation-
frequency specific bandwidth modification.   
3.5.1 Bandwidth modification at specific stimulation locations 
 Studies included in this review all tended to stimulate parietal and occipital 
EEG locations. Despite this consistency, the results in specific modification at the 
stimulation frequency were inconsistent. Four studies stimulated at either OZ or CZ 
due the areas association with motion and strong localized current densities (Boyle & 
Frohlich, 2013; Helfrich et al., 2014; Neuling et al., 2013; Strüber et al., 2015). All 
four studies found differing results. Increases in alpha activity were found when using 
individual alpha frequency (IAF) for stimulation and remained so post the stimulation 
period (Helfrich et al., 2014; Neuling et al., 2013). IAF refers to when researchers first 
measured each participant’s average alpha frequency and subsequently stimulated at 
this specific frequency for each participant. However, in contrast, Strüber et al. (2014) 
found no changes in alpha when applying the same IAF. The studies that found alpha 
modifications stimulated continuously for 20 minutes (Helfrich et al., 2014; Neuling et 
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al., 2013), while Strüber et al. (2015), who did not find modifications, used 
intermittent tACS, which alternated 1.5 seconds of EEG recording with 1 second of 
stimulation for 300 trials. Consequently, stimulation duration and continuity appear to 
be potential factors in the modulation of alpha in the CZ and OZ EEG locations. 
Moreover, Boyle and Frohlich (2013) also stimulated at these locations, however used 
a frequency of 40 Hz. The authors found suppression of alpha bandwidths in the 
occipital cortex after 40 Hz tACS. The authors reported this finding as attributable to 
the antagonistic functioning between resting alpha rhythms and gamma rhythms 
(Boyle & Frohlich, 2013). Essentially, tACS applied at gamma frequencies enhances 
the opposing states of alpha activity and sensory processing, thus leading to a greater 
suppression in alpha (Boyle & Frohlich, 2013). Subsequently, the modification of 
alpha bandwidths in the occipital cortex may depend on the duration of stimulation 
and the frequency applied, with alpha enhancement being linked to IAF stimulation 
and alpha suppression being linked to the antagonistic effects of gamma. 
Similar to the occipital EEG locations, IAF stimulation to the parietal lobe 
also showed significant power increases in alpha following active stimulation 
(Vossen et al., 2015; Zaehle et al., 2010b). Furthermore, similar to the results above 
regarding greater alpha enhancement after longer stimulation duration, Vossen et al. 
(2015) found significant alpha enhancement after long-phase tACS (80 cycles) but 
not in short phase tACS (30 cycles). However, in contrast to alpha modification and 
frequency matched stimulation, Vosskuhl et al. (2015) and Strüber et al. (2014) 
found no power increases in the theta or gamma band ranges after applying 
frequency matched stimulation. Amplitude increases in the theta band were found by 
Vosskuhl et al. (2015) when comparing the active and sham conditions frequency 
spectra. Strüber et al. (2014) found increased hemispheric coherence in the gamma 
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range after 40 Hz tACS was applied, however there was no effect on gamma or theta 
power. Strüber et al. (2014), however, did not find the same hemispheric coherence 
after 6 Hz tACS, potentially indicating that changes in the gamma hemispheric 
coherence depends on the matched frequency of stimulation applied (Strüber et al., 
2014). These results may suggest that alpha bandwidth modification responds best to 
frequency matched stimulation, however the results are more variable in the other 
bandwidths, specifically gamma.   
Two studies identified in the literature examined the effects of tACS applied 
to the parietal lobe in comparison to the frontal. Using individual theta frequencies, 
Pahor and Jaušovec (2014) found the only effect in the frontal lobe to be the 
significant reduction in the lower-2 alpha band. In contrast, theta stimulation of the 
parietal lobe showed significant differences between active and sham conditions in 
theta, lower-1 and lower-2 alpha frequency bands (Pahor & Jaušovec, 2014). 
Similarly, Jaušovec and Jaušovec (2014) also applied individual theta frequency 
tACS to the frontal and parietal lobes and compared the outcomes. However, the 
authors only found significant differences in ERP values for the P300 latency. 
Specifically, shorter P300 latency in the active condition was found over the left 
hemisphere of the parietal lobe and increased P300 latency in the left hemisphere and 
decreased P300 latency in the right hemisphere was found over the frontal lobe 
(Jaušovec & Jaušovec, 2014). As the authors were primarily interested in ERP 
components, bandwidth changes were not reported.  
In summary, the results may suggest that alpha bandwidth modification 
responds best to frequency matched stimulation, however the results are more 
variable in the other bandwidths, particularly for gamma. Frequency matched 
stimulation for gamma appears to potentially have an effect on increasing gamma 
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hemispheric coherence.  
3.5.2 Consistencies in neural entrainment and stimulation intensity 
Modification of alpha bandwidths was consistently found throughout the 
studies identified in this review (Boyle & Frohlich, 2013; Helfrich et al., 2014; 
Neuling et al., 2013; Pahor & Jaušovec, 2014; Vossen et al., 2015; Zaehle et al., 
2010b). Alpha range frequencies were most commonly employed as the stimulation 
frequency, showing increased alpha power to have a one-to-one relationship with the 
stimulation frequency, specifically at the occipital and parietal lobes (Helfrich et al., 
2014; Neuling et al., 2013; Vossen et al., 2015; Zaehle et al., 2010b). However, 
decreases in alpha bandwidths appear to be primarily influenced by frequencies in 
other bandwidths. Theta and gamma frequency tACS was found to decrease alpha 
band power in the parietal and frontal lobes (Pahor & Jaušovec, 2014). This finding 
is partially explained through the antagonistic effects of gamma on alpha frequencies 
(Boyle & Frohlich, 2013).  
The studies looking at alpha modification through tACS used largely 
consistent electrode sizes with varying intensities, ranging from 0.631 mA (Zaehle et 
al., 2010a) to 1.75 mA (Pahor & Jaušovec, 2014). This variation in intensities yet 
consistent entrainment of alpha may suggest that entrainment is largely independent of 
stimulation intensity. A potential explanation may be around the finding that the 
modification of bandwidths is dependent on the power of intrinsic oscillations at 
baseline of the stimulated area (Neuling et al., 2013). This suggestion is in contrast to 
that of Moliadze et al. (2012), who found 140 Hz tACS to show an intensity-
dependent aftereffect, where 0.2 mA intensity has no effect, 0.4 mA leads to 
inhibition, and 0.6 and 0.8 mA do not provide a significant effect. This discrepancy in 
results suggests that the effectiveness of the intensity of stimulation on modifying 
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oscillations may vary depending on the frequency of stimulation used and the intrinsic 
frequency of the cortex stimulated.    
3.5.3 Inter-individual variability and the effects of stimulation  
Several reasons have been put forward to explain the variability in results 
between individuals in response to NIBS protocols. Time of day of testing (Ridding & 
Ziemann, 2010), anatomical aspects such cortical thickness (Conde et al., 2012), and 
genetic variation (Cheeran et al., 2008) are some of the proposed factors. Research 
around inter-individual variability in NIBS has mainly been investigated through the 
use of tDCS. Age-related differences in response to tDCS were investigated by 
Fujiyama et al. (2014). The authors found that while anodal tDCS induced plasticity in 
older adults, it was significantly reduced in comparison to younger people. Similarly, 
Wiethoff, Hamada, and Rothwell (2014) found that around half of their participants 
had a poor or absent response to tDCS on corticospinal activity, leading the authors to 
conclude that 2 mA anodal or cathodal tDCS over the motor cortex is highly variable. 
Recent modelling analyses have shown that anodal tDCS is highly influenced by 
anatomical differences of the brain (Datta, Truong, Minhas, Parra, & Bikson, 2012), 
potentially leading these differences to account for the individual differences identified 
by Fujiyama et al. (2014). Endogenous bandwidths of the cortex have also been 
identified to affect the efficacy of stimulation, with Neuling et al. (2013) finding the 
power of endogenous alpha bandwidths to be a primary factor in a participant’s 
response to tACS. A recent study compared the three most common excitatory NIBS 
protocols to assess the variability in participant’s responses between the 
methodologies (López-Alonso, Cheeran, Río-Rodríguez, & Fernández-del-Olmo, 
2014a). The results showed considerable inter-individual variability between subjects 
in response to all three protocols (López-Alonso et al., 2014a). These findings reflect 
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the need for better ways to optimize NIBS protocols on an individual basis to improve 
the replication of study results and increase the translation between promising pilot 
studies and clinical practice (López-Alonso et al., 2014a).  
3.5.4 Simultaneous stimulation and frequency-specific tasks/states  
Considering the five studies identified as having found tACS entrainment 
post-stimulation (Helfrich et al., 2014; Jaušovec & Jaušovec, 2014; Neuling et al., 
2013; Pahor & Jaušovec, 2014; Zaehle et al., 2010a), a possible explanation for these 
results may be around synaptic plasticity-related enhancement of long endogenous 
brain oscillations post tACS (Zaehle et al., 2010a). Synaptic plasticity refers to the 
ability of synapses to strengthen or weaken over time in response to increases or 
decreases in their activity (Zucker & Regehr, 2002). During tACS, synaptic plasticity 
may be achieved through long-term potentiation (LTP) by matching the intrinsic 
frequencies of neuronal circuits to that of the applied stimulation frequency (Hutcheon 
& Yarom, 2000). In this review, five studies were identified as having used 
physiological states or tasks associated with certain bandwidth frequencies 
simultaneously with tACS, and were able to show post-stimulation effects of 
entrainment (Helfrich et al., 2014; Jaušovec & Jaušovec, 2014; Neuling et al., 2013; 
Pahor & Jaušovec, 2014; Zaehle et al., 2010a). Therefore, it is conceivable that by 
using a task specific to the intrinsic frequency of the area of cortex that is intended to 
be entrained during stimulation, the probability of LTP-like synaptic plasticity 
increases. Consequently the cumulative effects of the intrinsic frequency of the cortex 
being matched with the frequency of stimulation may increase the likelihood of 
oscillatory entrainment after stimulation, due to synaptic plasticity (Neuling et al., 
2013).   
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3.5.5 Limitations and clinical implications 
The primary limitation of this review is the small number of studies 
published in the area to date, and the varied methodologies used by these studies. 
Nonetheless, the positive finding around tACS’s ability to entrain oscillations specific 
to the applied stimulation frequency lends support for its future use in patient 
populations where cortical oscillations are abnormal, and thought to be related to 
clinical presentation. Furthermore, the limited yet encouraging findings around tACS’s 
extended after effects shows that this technique may have scope as a treatment option 
for disorders such as schizophrenia, where cognitive dysfunction has been related to 
abnormal oscillatory activity. Future research should systematically examine the 
stimulation parameters of tACS to extend and optimize the after-effects.   
3.5.6 Recommendations 
Based on this systematic review of the literature, numerous 
recommendations for future can be made.  
1) The evidence suggests that there is justification for further investigation 
of entrainment of alpha, gamma and beta frequencies through tACS over the occipital 
and parietal lobes, as these frequencies were consistently entrained in each of the 
respective cortices in the literature identified in this review. Continued research at 
these sites may inform the functions behaviourally of oscillatory activity, and provide 
a potential intervention for disorders like schizophrenia whereby dysregulated alpha 
activity in the sensorimotor cortex has been linked to social cognition deficits.  
2) The consistent entrainment of oscillations through tACS, despite the 
varying intensities employed, raises the question of entrainment being intensity 
independent. tACS entrainment being independent of stimulation intensity potentially 
means a lower intensity can be utilized, therefore potentially decreasing the likelihood 
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of the side-effects associated with tACS. This finding, however, is in contrast to 
knowledge highlighted by Moliadze et al. (2012), therefore warranting future research 
to ascertain the impact tACS intensity has on entrainment.  
3) The limited studies identified as having investigated tACS’s effects on 
oscillatory entrainment indicate that it is critical for future research to employ EEG or 
MEG recordings to verify changes in oscillatory activity. Furthermore, future research 
needs to focus on developing techniques or protocols that allow neural activity to be 
recorded during stimulation.  
4) Individual variability in response to NIBS techniques appears to be a 
significant factor in the current variability of results. Future research would benefit 
from the continued exploration around what specific individual factors influence 
whether NIBS will be effective. This is particularly important in considering these 
techniques for patient intervention. 
5) Lastly, as described in chapter 2, given the potential for visual side 
effects of tACS to unblind participants in randomized controls trials (RCTs), it is 
critical that future studies universally employ strategies that are able to overcome these 
side effects.  
 
3.6 Conclusion 
To the best of our knowledge this is the first systematic review to evaluate 
studies using tACS to modify neural oscillations. The findings provide evidence that 
(1) tACS is capable of entraining neural oscillations to match the frequency of 
stimulation, and (2) stimulation duration and placement appear to be important aspects 
of whether neural modification is achieved. The electrophysiological findings of the 
effects of tACS support the contention of tACS being able to entrain neural 
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oscillations at the stimulating frequency. The results highlighted alpha bandwidths to 
be consistently entrained via tACS applied to the occipital and parietal lobes. 
Furthermore, the stimulation intensity of tACS was seen to be independent of 
entrainment, making potential side effects of tACS less likely, prompting future 
research to confirm these results. The positive results of entrainment via tACS at the 
frequency of stimulation in this review support the possibility that tACS is a more 
specialized and targeted form of stimulation. However, these results are not seen 
universally, and the work is very much still in its infancy. More basic science is 
needed to establish optimal parameters and underlying mechanisms. This type of work 
will move tACS application research closer to establishing whether this translates to 
clinical/therapeutic applications.  
Having confirmed the efficacy of tACS in modifying neural bandwidths and 
the need for use of electrophysiological recordings to confirm this, the following 
chapter will explore abnormal oscillatory activity in schizophrenia and schizotypy, to 
ascertain whether tACS would be a likely candidate for therapeutic use for these 
disorders. Furthermore, the relationship that abnormal neural abnormalities in 
schizophrenia and schizotypy have with cognitive or behavioural factors will be 
explored.  
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Chapter 4 
Social Cognition and the Role of Alpha Brain Rhythms in Schizophrenia and 
Schizotypy 
  
Subsequent to discussing the symptomology of schizophrenia and schizotypy, 
and evaluating the evidence for NIBS techniques and their efficacy in modifying 
neural oscillatory activity, the behavioural component of the thesis (social cognition), 
will now be discussed. 
  The mental operations that underlie social interactions, including our ability 
to interpret, perceive, and develop responses to others, are broadly referred to as 
social cognition (Green, Olivier, Crawley, Penn, & Silverstein, 2005). Social 
cognition is pivotal in our ability to draw inferences about others’ beliefs, intentions 
and behaviours (Penn, Corrigan, Bentall, Racenstein, & Newman, 1997). Deficits in 
social cognition are a hallmark symptom of schizophrenia, and tend to be prevalent 
throughout the course of the disorder (Addington & Addington, 2000; Chan, Li, 
Cheung, & Gong, 2010). Psychopharmaceutical treatment appears to have limited 
influence on social cognitive deficits (Addington & Addington, 2000). Social 
cognitive dysfunction has been noted in first degree relatives of schizophrenia and in 
individuals with high levels of schizotypal traits (Williams, Henry, & Green, 2007). 
Recently, evidence has revealed abnormalities in neuronal bandwidths to be related to 
deficits in facial emotion recognition (FER), one of the most important sources of 
social information (Niedenthal, 2007). Specifically, deficits in alpha activity have 
been observed in schizophrenia in the frontal and sensorimotor areas (Popov, Miller, 
Rockstroh, & Weisz, 2013; Popov et al., 2014b). This chapter will focus primarily on 
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the relationship between deficits in FER and abnormal bandwidths activity in 
schizophrenia and schizotypy.  
4.1 Facial Emotion Recognition in Schizophrenia and Schizotypy 
The majority of studies looking at FER in schizophrenia have found 
impairments (Bellack, Blanchard, & Mueser, 1996). A recent meta-analysis revealed 
a large effect size for FER deficits in schizophrenia (Kohler, Walker, Martin, Healey, 
& Moberg, 2010). Selected studies have found greater impairment in the 
identification of negative emotions (Edwards, Pattison, Jackson, & Wales, 2001). 
This difference may be due in part to the increased difficulty in identifying negative 
emotions like fear in comparison to positive emotions such as happiness, which are 
easier to identify (Marwick & Hall, 2008).  
In looking at the similarities of FER deficits in schizophrenia and SPD, in a 
meta-analysis of 86 studies, Kohler et al. (2010) identified that there was no 
significant difference in FER performance between the two disorders. Furthermore, a 
systematic review examining FER deficits in schizotypy revealed that individuals in 
the general population with high schizotypy present with impaired FER (Giakoumaki, 
2016). Furthermore, negative schizotypy (interpersonal deficits) was found to be 
related to the recognition of negative emotions (Williams et al., 2007), and was 
significantly impaired in comparison to controls (Williams et al., 2007).  Moreover, 
the results from first episode, stabilized outpatient schizophrenia patients and 
schizotypy populations suggests that FER deficits may be a trait feature of the 
disorders, rather than a marker of state factors (Edwards et al., 2001; Williams et al., 
2007).  
FER abilities have been shown to predict work functioning and independence 
in schizophrenia (Ihnen, Penn, Corrigan, & Martin, 1998; Mueser et al., 1996). Poor 
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FER impedes an individual’s ability to modify their behaviour based on the context 
and interaction, leading to social difficulties (Hooker & Park, 2002; Kee, Green, 
Mintz, & Brekke, 2003). Research has found FER to be related to various aspects of 
social cognition, as well as cognition in general. Specifically, cognitive abilities such 
as memory, abstract thinking, language processing and selective attention are noted to 
be related to FER (Addington & Addington, 1997; Bryson, Bell, & Lysaker, 1997; 
Kee, Kern, & Green, 1998; Sachs, Steger-Wuchse, Kryspin-Exner, Gur, & Katschnig, 
2004; Schneider, Gur, Gur, & Shtasel, 1995; Silver, Shlomo, Turner, & Gur, 2002). 
4.2 Assessment of Social Cognition  
Prior to discussing the neurobiological underpinnings of social cognition in 
schizophrenia and schizotypy, an overview of the behavioural assessment of these 
processes will be provided. There is wide variation in the definition of terms when 
referring to social cognition in schizophrenia research, however the majority of 
research has focused on five main areas: theory of mind, social perception, social 
knowledge, attribution bias, and emotion processing (Green et al., 2005).  Theory of 
mind refers to the ability to infer the emotions, beliefs and intentions of others 
(Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). Likewise, the ability to 
use social cues to infer situational events and judge the social rules and cues is 
understood to be social perception (Toomey, Schuldberg, Corrigan, & Green, 2002). 
Social knowledge is similar to that of social perception in that it refers to awareness of 
social roles and goals that characterise social situations (Corrigan & Green, 1993). 
Attribution refers to the meaning we apply to different events and their cause (Green 
et al., 2005). Lastly, emotion processing refers broadly to the skill of perceiving and 
using emotion, and comprises the identification, facilitation, understanding and 
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 
Kirstyn Windsor 
68 
68 
management of emotions (Greenberg, 2005).  Facial emotion processing in particular 
is a complex skill contributed to by a variety of neural structures that act in concert 
(Marwick & Hall, 2008).  
Research into FER has generally involved two types of assessment tasks; one 
that focuses on specific emotion identification, and another that focuses on the 
differentiation of the intensities of emotions expressed (Kohler et al., 2010). Emotion 
identification tasks usually involve the presentation of an image followed by a limited 
list of labels. In contrast, the differentiation tasks do not require the identification of 
emotion, but rather the differences between two emotional expressions e.g., same 
versus different, see Figure 3.1) (Kohler et al., 2010). Two common standardised 
emotion stimuli face banks were developed by Ekman and Friesen (1977) and Gur et 
al. (2002). The face bank by Ekman and Friesen (1977) is comprised of black and 
white still photos of posed facial expressions, including happy, sad, anger, disgust, 
fear and surprise (i.e., the 6 basic/universal emotions). The photos depict mostly 
middle-aged Caucasian individuals, with a more recent inclusion of Asian actors. 
Similarly, Gur et al.’s (2002) face bank depicts actors expressing the six universal 
emotions, however the photos are in colour and include a variety of ages and 
ethnicities. More recently, the NimStim set of facial expressions was developed in 
response to the lack of wide variation of ethnicities presented in FER tasks and the 
small number of stimuli within such tasks (Tottenham et al., 2009). The NimStim 
contains 672 psychometrically sound stimuli with the inclusion of a calm face and the 
option of an open or closed mouth expressing a given emotion. The stimuli depict an 
expression that begins neutral and gradually morphs to the given emotion to be 
expressed, see Figure 3.2 (Tottenham et al., 2009). 
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Figure 3.1. Example of two images presented in a difference FER task. The 
participant would then be asked to identify whether the emotion are the same or 
different. 
 
 
 
 
 
Figure 3.2. Example of morphed stimuli expressing a neutral expression to disgusted 
expression, from the NimStim facial set (Marneweck, Loftus, & Hammond, 2013).  
 
In consideration of the generalizability of results in FER tasks, Garrido-
Vásquez, Jessen, and Kotz (2011) suggested that dynamic facial stimuli be utilized to 
increase ecological validity. The authors found that FER was easier to detect in 
dynamic stimuli as they more appropriately reflect “real life” expressions. Healthy 
controls show an improvement in emotion identification with the use of dynamic face 
banks, suggesting that motion information benefits the ability to identify facial affect 
in controls (Garrido-Vásquez et al., 2011). However, the results are more inconsistent 
in schizophrenia populations, with high negative symptom ratings associated with 
poorer recognition on static stimuli, and high positive symptom rating associated with 
poorer recognition on dynamic stimuli (Johnston et al., 2010).     
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4.3 Alpha Bandwidths and FER 
Impairments in facial affect recognition have been linked to a deficit in 
connectivity between the prefrontal and temporal cortices (Burns, 2006; Marwick & 
Hall, 2008). The processing of facial emotional expressions in others has been 
suggested to involve the recruitment of aspects of neural and peripheral physiological 
events in the sensorimotor cortex, that also occur when a person experiences the 
emotion themselves (Niedenthal, 2007; Van der Gaag, Minderaa, & Keysers, 2007). 
There are numerous findings related to the neurobiology of FER in schizotypy and 
schizophrenia, as discussed in Chapter 1, however this thesis will focus specifically 
on alpha suppression (event-related desynchronization [ERD]). Alpha ERD over the 
sensorimotor cortex has been observed while individuals perform FER tasks, 
demonstrating alpha’s possible relation to social information processing, including 
FER in the sensorimotor area (Klimesch, 2012).  
The role of alpha oscillations in cognition and perception has been 
characterised as “gating by inhibiting,” which asserts that synchronized alpha in local 
neural ensembles reflect an inhibitory state that controls information flow across 
networks (Klimesch, 2012; Klimesch, Sauseng, & Hanslmayr, 2007; Miller, Crocker, 
Spielberg, Infantolino, & Heller, 2015). Abnormal oscillations in the sensorimotor 
cortex have been linked to deficits seen in schizophrenia patients when asked to 
produce matching or different facial expressions to ones presented earlier 
(Falkenberg, Bartels, & Wild, 2008). A recent study identified reduced alpha 
suppression in schizophrenia patients in comparison to controls over the sensorimotor 
cortex during a social interaction clip (Singh, Pineda, & Cadenhead, 2011). Similarly, 
deficits in baseline alpha activity were found through EEG and MEG observation in 
schizophrenia participants in comparison to controls, suggesting dysfunctional 
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regulation of alpha oscillations in schizophrenia (Hinkley et al., 2011; Nikulin, 
Jönsson, & Brismar, 2012; Norton, McBain, Holt, Ongur, & Chen, 2009). 
Considering the relationship between alpha and FER, Popov et al. (2013) 
investigated the dynamics of alpha activity while healthy controls identified faces 
expressing emotion from neutral to either happy or fearful. An alpha power increase 
was observed prior to the facial expression and subsequent identification, followed by 
a power decrease. This pattern of oscillatory activity was associated with accurate 
emotion identification from participants. During the trial, alpha power increases were 
associated with decreased connectedness between the sensorimotor area to other brain 
areas (Popov et al., 2013).   
Popov, Rockstroh, Popova, Carolus, and Miller (2014a) found, through the use 
of EEG and dynamic facial affect clips, that participants with schizophrenia failed to 
show the above-discussed oscillatory events in respect to alpha power increases and 
decreases following the presentation of facial affect stimuli. Furthermore, 
schizophrenia participants took significantly longer to indicate the emotion being 
expressed. In terms of accuracy, individuals with schizophrenia were less accurate in 
identifying fearful emotions when the expression was morphed 50% – 60% and less 
accurate in identifying happy expressions that were 40% - 50% morphed in 
comparison to controls. The author’s attribute these differences in performance and 
neural activity to the lower alpha power and high connectivity of the sensorimotor 
cortex to the rest of the cortex prior to face onset. Therefore, these results suggest 
that, neurologically, schizophrenia participants were not in a sufficiently effective 
state to interpret facial affect in comparison to healthy controls. In the first session of 
this study, participants were instructed to view short video clips of models expressing 
an emotion: happy, fearful or neutral. Participants sat passively and observed the clips 
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while MEG was recorded. In a subsequent session, participant’s FER ability was 
evaluated using static video images. This methodology highlights some limitations in 
the reported results of alpha abnormalities. While differences in the pattern of alpha 
activity between controls and schizophrenia patients were observed upon facial 
emotion presentation, these differences may or may not be related to the accurate 
recognition of the emotion, and may be more generally related to facial emotion 
perception. Arguably this may lead to deficits in accurate FER, however it may not 
account for other mechanisms involved in the accurate FER. Lang (1979) proposed 
that aspects of our own emotional experience are a prerequisite for the perception of 
emotion in others. This aspect of FER was potentially not present during the MEG 
recordings, as participants were not required to identify the emotion. Additionally, 
due to the study only employing the emotions of happiness, fear, and neutral faces, 
the changes in alpha noted in schizophrenia patients can only be generalised to these 
specific expressions (Lang, 1979). 
Similarly, at rest, schizotypal participants were seen to have decreased alpha1 
and alpha2 activity in the right and left temporal lobes respectively (Mientus et al., 
2002). While these findings appear to correspond with the schizophrenia alpha power 
and FER literature, they cannot be specifically linked to FER due to this ability not 
being measured at the time of recording. These alpha abnormalities, which have been 
linked to FER deficits in some emotions in schizophrenia, may also disrupt the 
accurate FER process in schizotypal populations. 
 Recent studies have shown promise in using social cognition training to 
improve social impairments. Training techniques target specific aspects of the social 
cognitive domains. For example, the Training of Affect Recognition successfully 
targets and improves emotion recognition skills (Wölwer et al., 2005). These training 
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programs rely on the processes of neurogenesis that can occur through repeated 
learning experiences (Campos et al., 2016). The theory suggests that with repeated 
learning of experiences through a stimulated domain of social cognition, brain activity 
will change (as a result of synaptic reorganisation or change), as will the subsequent 
social cognitive ability (Campos et al., 2016).  A systematic review of eleven studies 
examining social cognition training in schizophrenia revealed that social brain 
networks (mentalizing, facial emotion processing and theory of mind), in this 
population can be modified via social cognition training (Campos et al., 2016). 
Further, social cognitive training was found to have the ability to induce neuroplastic 
changes in schizophrenia patients (Campos et al., 2016), a process that may be 
facilitated through the use of NIBS techniques, due to the findings supporting the 
devices efficacy in producing neuroplasticity (Vallence & Ridding, 2014). NIBS 
techniques can potentially facilitate the development of a neurological environment 
ideal for repeated learning experiences, which can then facilitate neurological changes 
through plasticity.  
4.4 Summary and Conclusion 
Deficits in FER appear to be consistent between schizophrenia, schizotypal 
personality disorder, and high levels of schizotypy traits within healthy individuals. 
Considering the findings around task use, dynamic facial emotion stimuli may be 
preferable given its apparent ecological validity. In schizophrenia, FER deficits 
appear to be related to deficits in the alpha bandwidth power over the sensorimotor 
cortex, making this region a potential target for intervention. Specifically, it appears 
that individuals with schizophrenia fail to show the typical neurophysiological 
response to facial emotion expressions. Neurologically they are not prepared to 
accurately identify facial emotion expressions, leading their identifications to be 
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significantly delayed in comparison to controls, putting them at a disadvantage almost 
immediately during a social interaction. The specific neural bandwidths involved in 
FER have not been explored when considering schizotypal and schizotypy 
populations, however the research available indicates decreases in alpha power at rest 
and impaired functioning in the neural networks within the fronto-temporal areas. 
Future research may benefit from exploring whether the “gating by inhibition” 
deficits of alpha bandwidths noted in schizophrenia prior to facial affect presentation 
are also present in schizotypy and schizotypal populations.
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Chapter 5 
Research Question, Rational and Specific Aims 
 
5.1 Research Question and Rational 
 This thesis investigated alpha bandwidth modification via tACS, and the 
subsequent effects on social cognitive performance, as well as electrophysiological 
outcomes. Given the aforementioned literature, the influence of schizotypy traits will 
also be investigated. The rationale for this investigation is two-fold. Firstly, the 
development in our knowledge of the role of brain activity in clinically significant 
behaviours is imperative for our understanding of psychopathology. This would have 
implications for further determining aetiology and improving diagnosis. Secondly, 
this research may, in future, have implications for clinical outcomes for individuals 
with schizophrenia. Such research may help to guide both behavioural and biomedical 
interventions offered to the negative symptoms of the disorder, where options are 
currently limited. 
5.2 Aims and Hypotheses 
There are three specific aims to this thesis, all of which will have a primary 
focus on understanding the role of tACS on alpha band activity, particularly in high 
schizotypy trait populations. The first aim of this thesis is to investigate the effects of 
applying alpha frequency tACS over the sensorimotor cortex on FER ability.  It is 
hypothesised that active alpha frequency tACS will improve accuracy and reaction 
time on a FER task.   
 The second aim of the thesis is to examine electrophysiological activity in the 
alpha bandwidth pre and post application of alpha frequency tACS during rest, and 
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during FER task performance. It is hypothesised that, compared to sham, active alpha 
frequency tACS will significantly modify alpha activity in the central and frontal 
regions of the brain both at rest and during performance on the FER task. 
 The third and final aim of this thesis is to explore the relationship between 
alpha bandwidth modification and FER with schizotypy traits. It is hypothesised that 
there will be a significant positive relationship between alpha activity and FER task 
performance with individuals with high levels of schizotypy traits following active 
stimulation.
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Chapter 6 
Methodology 
6.1 General Overview 
 The research presented in this thesis was conducted as one large study 
comprising two sessions, described below. Briefly, participants completed a double 
blind, repeated measures, sham controlled study involving two experimental sessions, 
spaced approximately one week apart. A series of behavioural and 
electrophysiological measures were recorded pre and post tACS.  
 This study was approved by the Deakin University Human Research Ethics 
Committee (DU-HREC) (see Appendix A).   
6.2 Recruitment and Preliminary Screening Procedures 
 Participants were recruited via several means. Flyers were placed around 
Deakin University (Burwood campus), and electronic advertisements were also 
placed on Deakin University Higher Degree by Research and School of Psychology 
web pages, as well as on the “Gumtree” website (http://www.gumtree.com.au/) and 
social media pages (http://www.facebook.com). Specifically, social media pages 
directed at psychology or higher degree by research students were targeted. 
Recruitment material is presented in Appendix B.  
 Regardless of the method of recruitment, in the first instance all individuals 
who had expressed interest in being involved in the study were provided with a 
written explanation of the project via email. If interested, potential participants were 
made aware via email of the NIBS safety criteria relevant for tACS and any medical 
history that may compromise their ability to take part in the study. From this 
information participants were left to establish whether they thought they might be 
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eligible to take part in the study. The NIBS safety criteria was used as it is a verified 
screening tool (Wassermann, 1998) and covers all the safety criteria required for 
tACS. Screening at this point was conducted in order to establish whether participants 
were likely to meet the inclusion criteria for the study (described below). If 
appropriate, participants were then sent a plain language statement (see Appendix C) 
via email. A follow-up email (one week later) was sent to answer any questions, 
determine whether the individual would like to be involved, and, if so, schedule the 
testing sessions at a time convenient to the researchers and participant.  
6.3 Inclusion and exclusion criteria 
 Healthy right-handed individuals aged between 18 and 40 years were eligible 
to participate in this study. Potential participants were excluded if they reported a 
history of psychiatric or neurological illness, or they did not meet the NIBS safety 
screen (see Appendix D). The NIBS safety screen used in this study was adapted from 
the TMS adult safety screen (TASS) (Keel, Smith, & Wassermann, 2001). The TASS 
was developed in response to an international consensus on the safe and ethical use of 
TMS (Wassermann, 1998). Participants are screened based on the following 
questions:  
• Have you ever fainted or felt that you might faint?  
• Have you ever had a head injury that was diagnosed   
as concussion, or involved a loss of consciousness?   
• Have you ever had brain surgery?   
• Do you have any metal in your head (outside the mouth), 
including shrapnel, surgical clips, or welding fragments?   
• Do you ever get headaches or migraines?   
• Do you have any implanted medical devices, such as 
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cardiac pacemakers, medical pumps, or intracardiac lines?   
• Have you ever had any other brain-related condition?   
• Are you pregnant, or is there any chance that you might be pregnant?  
• In the past 24 hours have you consumed any alcohol or recreational drugs? 
• Are you currently taking any medication? 
In cases where participants did indicate having experienced these abovementioned 
risk factors, clinical judgement was used in consultation with the supervision team to 
determine safety and eligibility.  
6.4 Sample 
 A total of 32 participants were enrolled in this study. Of these, 2 participants 
withdrew from the study after the first session due to non-specified reasons. Within 
the final sample, there were 14 females and 18 males with a Mage of 24.50 years (SD = 
6.99). The average number of years of formal education was 15.6 years (SD = 5.36), 
including primary, secondary, and tertiary schooling. Fifteen of the 30 participants 
were enrolled in tertiary education at the time of participation. 
 
6.5 Session Information 
6.5.1 Session 1 
 All participants provided written informed consent at the beginning of the first 
session (refer to Appendix C). Prior to giving consent, participants read the plain 
language statement of the study and were additionally briefed verbally on the method 
of the study to confirm their understanding and allow them to ask any questions. 
Participants were given a copy of the plain language statement and consent form to 
keep.  
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 Firstly, participants completed the NIBS screening questionnaire as although 
participants had been screened via email, this information was re-checked and 
formally recorded at this point. The Mini International Neuropsychiatric Interview 
(MINI) was then completed to screen participants for potential mental health 
diagnoses. If participants were found to meet criteria for a disorder they were 
excluded at this point. The MINI: A brief structured interview for the major Axis I 
psychiatric disorders in DSM-IV and ICD-10. Clinical judgement by the clinician is 
used in coding participant responses and examples are asked for where necessary to 
ensure accurate coding (Sheehan et al., 1998). The MINI has very good inter-rater and 
re-test reliability and reliably and validly elicits symptom criteria when referring to 
the DSM-IV and ICD-10 (Van Vliet & De Beurs, 2006). Next, a demographic 
questionnaire was completed via LimeSurvey on an iPad. Participants were asked to 
specify: age, gender, years of education, occupation, and whether they had been 
diagnosed with any psychiatric, neurological or medical illnesses. The demographic 
questionnaire also asked about type and dose of current medications. 
The following battery of standardized assessments was then completed on 
LimeSurvey via the use of an iPad: 
 The Edinburgh Handedness Inventory (EHI): A short instrument used to 
determine hand dominance (Oldfield, 1971). The EHI provides a quantitative measure 
of handedness established by a known distribution of values in a reasonably sized 
normal population (n =1100) (Oldfield, 1971). The EHI is a screening device with 
good test-retest reliability over an 18 month period with higher reliability factors seen 
for unimanual tasks than more complex bimanual tasks (Ransil & Schachter, 1994).   
 Schizotypal Personality Questionnaire (SPQ): The likert version SPQ is a 74 
item self-report questionnaire measuring the nine diagnostic criteria of the DSM-III-R 
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 
Kirstyn Windsor 
81 
81 
Schizotypal Personality Disorder (SPD): Odd speech, odd behaviour, unusual 
perceptual experiences, paranoia, no close friends, constricted affect, magical 
thinking, social anxiety, and ideas of reference (Raine, 1991). The scale shows 
substantial reliability and validity. The overall scale has high internal reliability (0.90 
to 0.91), sampling validity, test-retest reliability (0.82), and discriminant (r = 0.59 to r 
= 0.81) and criterion validity (r = 0.63, 0.68) (Raine, 1991).  Since its publication, the 
SPQ has been widely used as a self-report tool for research into SPD and also non-
clinical levels of schizotypy or schizotypal traits in the general population (Raine, 
1991), as it was used in the present study. Participants were therefore grouped on the 
level of schizotypal personality traits they exhibit. For this thesis, a median split was 
applied to the data, whereby total scores above 51 indicated high levels of schizotypy 
traits and total scores below 51 indicated low levels of schizotypy traits. A paired 
samples t-test revealed the high traits (M = 108.93, SD = 29.61) and low traits groups 
(M = 25.36, SD = 15.98) to be significantly different, t(13) = -8.91, p = .00.  As 
mentioned previously, schizotypy is often investigated to inform schizophrenia 
research (Ettinger et al., 2014).  
 Following completion of the above assessment battery, participants were fitted 
with a 22 channel EEG cap (EASYCAP GmbH, Herrsching, Germany), with 
electrodes positioned based on the standard 10-20 system. To ensure the cap was 
positioned consistently between participants, measurements of the distance between 
participant’s nasion and inion were taken and the front of the FPz position of the cap 
was placed 10% of this distance above the nasion. The EEG cap was used to mark the 
nine desired electrode locations on the participants scalp using a surgical marker, and 
was subsequently removed (refer to Figure 6.1 for electrode montage). In addition, 
electrodes were also placed on both mastoids, and in the middle of the forehead. The 
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mastoids were linked offline-online references, where one mastoid was recorded as an 
active channel and one as an active reference. The forehead was used as a ground 
electrode. Electrodes were also placed above and below the left eye, in line with the 
pupil, and on the outer canthus of each eye to monitor eye movements during the 
recordings. A total of 9 scalp, 5 facial, and 2 head electrodes were used. Electrode 
locations were prepared with a mild abrasive skin preparation gel (Nuprep), and 
alcohol swabs (Kendall Webcol) to assist with lowering impedances. Single 
Compumedics (Compumedics, Abbotsford, VIC, Australia), silver-silver chloride 
(Ag-AgCl) sintered cup electrodes were pre-filled with electrode-gel and were affixed 
to the scalp using BIOPAC ADD204 double sided adhesive discs. The discs are 
designed to fit the outside of the electrode without interfering with conductivity. EEG 
was acquired using a SynAmps RT 64 channel EEG/EP/ERP amplifier and data were 
recorded using Curry 7 software (Compumedics, Abbotsford, VIC, Australia). 
Impedances were checked and maintained below 5KΩ throughout the session. All 
EEG recording was completed in a dark room. 
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Figure 6.1. EEG electrode montage, red circles indicating electrode locations, 
([untitled image of EEG montage]. Retrieved September 22, 2016 from 
http://easycap.brainproducts.com/e/products/products.htm).   
 
 The following sub-sections will now discuss the tasks used in the sessions that 
were repeated pre and post stimulation.  
 
 6.5.1.1 EEG Recording. Participants sat upright and still in a comfortable 
chair in front of a 22-inch computer screen positioned centred one metre in front of 
the participant. Two (two minute) baseline resting state EEG recordings were 
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completed: once with the participant’s eyes open and the second with their eyes 
closed. During the eyes open condition, participants were instructed to fixate on a 2 x 
2 cm white cross presented centred on a black background on the computer screen. 
Participants were instructed to blink naturally as required.  
Following resting state EEG recordings, participants completed two 
behavioural tasks, described below. Task presentation was randomised and 
counterbalanced between sessions and participants, and always conducted after 
resting state EEG recording. 
6.5.1.2. Working Memory Task. The 2-back working memory task was 
presented using E-prime (Psychology Software Tools, PA, USA). This task requires 
participants to indicate whether the current stimulus (letter) presented on the screen 
matches that presented two stimuli prior (see Figure 6.2). The task was 4 minutes and 
20 seconds in duration and consists of 96 trials. Stimuli consisted of 10 letters (A-J), 
participants were required to respond with a keyboard button press to indicate 
whether the current letter matched (target stimuli – 20%) or did not match (non-target 
stimuli – 80%) the letter presented 2 trials earlier. Presentation of order of letters was 
randomized. Each letter was presented for 500 ms with a 1500 ms delay (blank, white 
screen) between stimuli presentations. Performance on this task was evaluated by the 
accuracy and reaction time of responses to target and non-target stimuli (Conway et 
al., 2005). The working memory task was used as a control task to compare any 
potential changes to and subsequently show that changes were specific to FER ability, 
rather than cognition in general.  
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Figure 6.2. An example of the 2-back stimuli presented in the working memory task.  
 
6.5.1.3. Facial Emotion Recognition Task. A FER task developed at Deakin 
University using a schizophrenia population was used due to the present theses 
interest in schizophrenia and schizotypy traits. The task requires participants to 
identify an emotion being expressed by a moving face (see Figure 6.3). The task was 
approximately 10 minutes in duration, depending on the length of time taken for a 
participant to respond. In this task, short video clips of approximately 3500ms in 
length were presented, depicting a male or female’s face (top of head to bottom of 
neck depicted) expressing one of 6 emotions, i.e. happy, sad, disgusted, surprised, 
angry and fearful. The order of emotions presented was randomised for each trial. 
Between each video clip, a white screen with a black fixation cross was presented for 
1500ms. After viewing the facial expression, participants were instructed to indicate 
the emotion they had seen using a mouse click. Triggers were sent to the EEG device 
at the onset of each video clip and fixation cross screen. The task, and triggers 
response was set-up and presented in E-prime (Psychology Software Tools, PA, 
USA). There was no time limit in which the participant had to respond. Performance 
on this task was evaluated through measuring the reaction times and the number of 
accurate responses indicated by participants.  
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Figure 6.3. A sample of still images taken from the video clips presented in the 
emotion recognition task. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4. Image depicting screen presented to participants to select their answer of 
the emotion previously viewed through a mouse click (Aminoff et al., 1991).
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 
Kirstyn Windsor 
87 
87 
6.5.2 Stimulation. 
 Stimulation sessions were double blinded with the type of stimulation being 
randomised and blinded to the participant and researchers. A research assistant not 
involved with data collection or analysis randomly allocated 5-digit codes for each 
stimulation condition per participant. The codes were different for each participant 
and each condition. Researchers remained blind to stimulation conditions until all 
statistical analyses were completed.  tACS was applied with the Eldith Stimulator 
Plus (neuroConn GmbH, Ilmenau, Germany). Stimulation was delivered via two 
35cm2 (7 x 5 cm) electrodes, encased in a sponge pad soaked in saline (0.09%) 
solution. The surface of the sponge making contact with the scalp was coated with 
CG04 Saline Base Signa Gel in order to increase conductivity to the scalp. Impedance 
limit on the Eldith stimulator was set at 55 kΩ, and impedances during stimulation 
were between 5 and 20 kΩ. tACS was delivered at a current between -750 μA and 
+750 μA, at a frequency of 10 Hz for a total of 48,000 cycles with no current offset. 
The stimulation lasted 20 minutes. The active electrode was placed over the C3 EEG 
electrode site, corresponding with the left frontal portion of the sensorimotor cortex. 
The reference electrode was placed over the contralateral supraorbital area. The 
stimulator was set to fade in and out over the maximum period possible, which was 
100 cycles at the beginning and end of the stimulation period. To control for the 
phosphines or flashing sensations in the visual field (Antal et al., 2008; Turi et al., 
2013), described in Chapter 3, visual white noise was presented on the computer 
screen for the duration of stimulation to ensure blinding.  Similar methods have been 
employed by Wach et al. (2013), who used a flicker stimulus and found the procedure 
was successful in masking the phosphine effects of tACS.  
 At the end of each session, participants were asked to report whether they felt 
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that they received sham or active stimulation in order to establish the reliability of 
participant stimulation blinding. This was completed as part of a post stimulation 
questionnaire designed to monitor side effects (see Appendix E). No significant 
adverse events were reported throughout the study. 
Session 1 took approximately two hours to complete; individuals were offered 
rest breaks during the session. 
6.5.3 Session 2 
Session 2 followed the same procedure as session 1, however participants 
received the alternate stimulation (i.e., stimulation type was counterbalanced across 
sessions) to what they had received in session 1. Session 2 took approximately 90 
minutes to complete as participants did not complete the screening questionnaires and 
assessments again.  
 Participants were reimbursed $30 at the end of each session to compensate for 
their time and travel expenses.  
A flow chart detailing the procedure for each session can be seen in figure 6.2. 
Note that consent, screening, measures and questionnaires were only completed in 
session 1.  
 
 
 
 
 
 
Figure 6.2. Flow chart detailing an overview of the procedure for each session.  
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6.6 EEG Analysis 
6.6.1 Resting State 
Offline analysis of EEG data were performed using Curry 7 (Compumedics, 
Melbourne, Australia). Data were baseline corrected, re-referenced to the averaged mastoids, 
and bandpass filtered (1-30 Hz) with a 1.5Hz slope. For the eyes-opened recordings, a 
threshold detection method was used to identify ocular artefacts (blinks) showing amplitudes 
above 80 µV from the E1 electrode, these artefacts were subsequently covaried for across 
scalp electrodes (NeuroScan Inc). Data were then visually inspected and noisy data were 
marked as bad blocks and rejected. Data were then epoched into 1000ms blocks, and the 
epochs were then manually screened for artefacts. All epochs showing amplitudes ± 100 µV 
were checked manually through visual inspection and excluded. 
6.6.2 Facial Emotion Recognition Task 
The same filtering, referencing and artefact reduction techniques and parameters were 
used for the FER task as with the resting state data. Pre and post time epochs of 4000ms were 
segmented through Curry 7 around the trigger indicating the presentation of a face expressing 
a given emotion. Segmented reference epochs of 1500ms were represented by the 
presentation of the white screen and fixation point between the face presentations. A total 72 
trigger and reference epochs were initially segmented for each participant. Epochs were then 
visually inspected and any epochs with non-cerebral artefact still remaining were removed 
from analysis. After data processing, the mean number of epochs retained for the trigger 
condition was 64 (SD = 11.52) and across the reference periods was 67 (SD = 10.02). There 
were no significant differences between the groups with regard to the proportion of epochs 
removed because of the presence of non-cerebral artefact. A fast Fourier transformation was 
used to calculate absolute power for the mu rhythm (8 – 13 Hz) band for the stimulus and 
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reference epochs. Mu suppression was calculated as the percentage change in power from the 
trigger (presentation of expressing face) to the power during the baseline condition (reference 
period), as per the methodology used by Cooper et al. (2012). The mu suppression 
calculations are represented in the formula: ([reference – movement]/reference) x 100). 
According to this formula, negative values represent increased mu suppression.  
6.6.3 Statistical Tests 
Data were extracted for further analysis using IBM SPSS v20. Assumptions of 
normality were met for the eyes open EEG analyses, thus 2 x 2 repeated measures ANOVAs 
were used to analyse the data. However, the assumptions of normality were violated for the 
behavioural, resting state EEG and SPQ data. Upon further inspection, it was determined that 
this was a true representation of the data, and not due to outliers, nor floor or ceiling effects. 
Hence, non-parametric tests were performed. To account for multiple comparisons, a more 
conservative alpha of p = < 0.01 was adopted throughout. Due to the use of nonparametric 
analyses, difference scores were calculated by subtracting pre from post scores and were 
subsequently used in each of the analyses. No differences were seen behaviourally for the n-
back task, which was expected. Furthermore, the n-back was not a primary outcome in this 
thesis. Subsequently, EEG was not analysed for this task.  
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Chapter 7 
Results 
 The following chapter will present the results for the thesis. The behavioural results 
for the n-back and FER task will be discussed, followed by the EEG results for the FER task. 
Additionally, the results were also correlated against the samples’ SPQ trait levels. In a 
subsequent analysis, the sample were split based on the overall SPQ score, with one group 
representing high SPQ traits and the other representing low SPQ traits. Analyses were 
conducted to determine whether results differed depending on participant SPQ trait group. 
The responses to the post NIBS questionnaire confirmed participants were blind to the 
stimulation conditions and experienced no side effects as a result of stimulation. The 
following sub-section will present the behavioural results of the thesis. 
7.1 Behavioural Data 
The assumptions of normality were violated for the behavioural data. Data were 
manually inspected and outliers with a Z-score ± 3.3 were Winsorized, however the data 
remained non-normally distributed. The original data were then log transformed, however as 
data were still non-normally distributed at this point, non-parametric tests were used for 
analysis of all behavioural data. In the following analyses difference scores were calculated, 
whereby for each condition (active versus sham) the pre scores were subtracted from the post 
scores. Subsequently, for accuracy in responses higher scores represent an improvement on 
the task, while for reaction time to respond lower scores represent an improvement on the 
task.  
 7.1.1 N-back  
 The n-back task was used in this thesis as a control task, whereby scores could be 
compared to the task of interest (FER task), to show the effects of stimulation were specific 
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to FER ability and not to cognition in general. Overall, a Wilcoxon’s signed rank test 
revealed no significant differences for either reaction time when comparing the difference in 
scores from pre to post for either condition (active versus sham), see Table 7.1 for descriptive 
statistics. 
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Table 7.1. Summary of difference scores for reaction time (milliseconds) and accuracy for the n-back task. 
Condition n Rank Min-Max Median Mean Rank Z p 
Accuracy 30       
Active 
Sham 
16 
14 
0 
Negative 
Positive 
Ties 
-24-10 
-7/8 
0.00 
0.00 
12 
19 
-1.24 .21 
Reaction Time        
Active 
Sham 
30 
 
11 
14 
5 
Negative 
Positive 
Ties 
-513-199 
-181-203 
-15 
-7 
10 
14 
-0.81 .42 
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7.1.2 Facial Emotion Recognition Task 
 Due to an error in data recording, accuracy scores for the first 16 participants on the 
FER task were not available for three emotions (anger, sadness and surprise). For reaction 
time, the differences were calculated from the total time taken rather than an average time 
difference. A Wilcoxon’s signed rank test revealed no significant differences between the 
difference scores for the sham and active conditions on accuracy or reaction time 
performance on the FER task. Hence, tACS appeared to have no significant effect on FER 
ability or response time. See Table 7.2 for the reaction time and accuracy results of the FER 
task. 
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Table 7.2. Summary of the difference scores for reaction time (seconds) and accuracy on the FER task.  
Emotion Condition n Rank Min-Max Median Mean Rank Z p 
 Accuracy 30       
Happy Active 
Sham 
7 
7 
16 
Negative 
Positive 
Ties 
-1-2 
-2-2 
0 
0 
8.79 
6.21 
-.579 .56 
Angry Active 
Sham 
10 
6 
14 
Negative 
Positive 
Ties 
-1-4 
-2-4 
1 
1 
9.10 
7.50 
-1.20 .23 
Sad Active 
Sham 
10 
6 
14 
Negative 
Positive 
Ties 
-4-3 
-2-3 
1 
1 
9.50 
7.50 
-.384 .70 
Surprised Active 
Sham 
6 
9 
15 
Negative 
Positive 
Ties 
-4-4 
-4-5 
0 
0 
6.67 
8.89 
-1.14 .25 
Disgusted Active 
Sham 
12 
12 
6 
Negative 
Positive 
Ties 
-3-4 
-3-4 
0 
1 
10.25 
14.75 
-.78 .44 
Fearful Active 
Sham 
12 
9 
9 
Negative 
Positive 
Ties 
-2-7 
-4-4 
1 
1 
13.04 
8.28 
-1.44 .15 
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Reaction Time 
Happy Active 
Sham 
15 
15 
0 
Negative 
Positive 
Ties 
-2-/20 
-27-6 
-0.09 
-0.18 
17.73 
13.27 
-.689 .49 
 
Angry Active 
Sham 
9 
5 
0 
Negative 
Positive 
Ties 
-12-4 
-9-9 
0.07 
-19.55 
 
5.56 
11.00 
-0.16 
 
.88 
 
Sad Active 
Sham 
6 
8 
0 
Negative 
Positive 
Ties 
-22-8 
-5-12 
4.63 
51.62 
 
5.33 
9.13 
-1.29 .20 
Surprised Active 
Sham 
5 
8 
3 
Negative 
Positive 
Ties 
-18-8 
-12-10 
-17.66 
6.14 
 
9.00 
5.75 
-.035 .97 
Disgusted 
 
 
Active 
Sham 
15 
14 
0 
Negative 
Positive 
Ties 
-23-14 
-10-16 
-0.06 
0.00 
 
13.47 
16.64 
-.34 .74 
Fearful Active 
Sham 
15 
12 
1 
Negative 
Positive 
Ties 
-7-12 
-23-9 
0.03 
-0.04 
 
17.73 
9.33 
-1.85 .06 
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7.2 Electrophysiological Data 
7.2.1. Resting state EEG 
 Full resting state data were omitted for two participants due to corrupted files. In 
analysing the resting state EEG data, the electrode locations were collapsed according to 
three broad regions of the brain: frontal (F3, FZ, F4), central (C3, CZ, C4), and parietal (P3, 
PZ, P4). 
 7.2.1.1. Eyes Open. The assumptions of normality were violated for the eyes open 
EEG resting state data. Data were manually inspected and outliers with a Z-score ± 3.3 were 
Winsorized, though the data remained non-normally distributed. After a successful log 
transformation, three repeated measures ANOVAs (one for each brain region) were used to 
compare alpha power changes across condition (active versus sham) and time (pre versus 
post), see Table 7.3 for descriptive statistics.  
For the frontal region, no significant main effects (condition: F (1, 28) = 0.28, p = .60; 
time F (1, 28) = 0.01, p = .92) were identified, and there was no interaction (F (1, 28) = 0.03, 
p = .86).  For the central region, no significant main (condition: F (1, 28) = 1.55, p = .70; time 
F (1, 28) = 0.11, p = .74) or interaction effects were identified ( F (1, 28) = 1.44, p = .24). 
Similar to the aforementioned regions, no main (condition: F (1, 28) = 0.21, p = 0.65; Time F 
(1, 28) = 0.05, p = .82) or interaction effects (F (1, 28) = 0.22, p = .64) were found for the 
parietal cluster. 
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Table 7.3. Summary of descriptive statistics for the log transformed difference scores in alpha power changes for the eyes open resting state 
condition (larger positive numbers represent greater power changes).  
Region Condition n Min-Max M SD 
Frontal Active 28 -0.1-0.08 0.00 0.03 
 Sham 28 -0.04-0.04 0.00 0.02 
Central Active 28 -0.04-0.07 0.00 0.02 
 Sham 28 -0.04-0.03 0.00 0.01 
Parietal Active 28 -0.17-0.19 0.01 0.06 
 Sham 28 -0.06-0.04 0.00 0.02 
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7.2.1.2. Eyes Closed. Similar to that of the eyes open analyses, the assumptions of 
normality were violated for the eyes closed EEG resting state data. Data were manually 
inspected and outliers with a Z-score ± 3.3 were Winsorized, however the data remained non-
normally distributed. A log transformation was applied, however was not successful, thus 
non-parametric tests were used. 
Wilcoxon signed rank tests revealed no significant differences in alpha activity in 
either of the three brain regions (frontal, central or parietal) when comparing the difference 
scores between conditions, see Table 7.4.  
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 
Kirstyn Windsor 
100 
100 
Table 7.4. Summary of statistics for the difference scores in alpha power from pre to post between stimulation conditions in the eyes closed 
resting state condition. 
Condition Region n Rank Min-Max Median Mean Rank Z p 
Active 
Sham 
Frontal 28 
 
16 
12 
0 
 
 
Negative 
Positive 
Ties 
-0.39-0.56 
-1.21-0.36 
0.01 
-0.03 
 
 
 
 
 
16.25 
12.17 
-1.30 .19 
Active 
Sham 
Central 28 
 
17 
11 
0 
 
 
Negative 
Positive 
Ties 
-0.55-0.69 
-0.10-0.35 
0.02 
0.02 
 
 
 
 
 
14.76 
14.09 
-1.09 .27 
Active 
Sham 
Parietal 28 
 
17 
11 
0 
 
 
Negative 
Positive 
Ties 
-0.35-0.98 
-0.10-0.32 
0.03 
0.02 
 
 
 
 
 
15.44 
13.05 
-1.36 .18 
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7.2.2. Task-Related EEG 
 The assumptions of normality were violated for the behavioural EEG data and 
remained non-normal after a log transformation was applied. Subsequently, non-parametric 
analyses were used. Similar to the resting state data, data was missing for two participants in 
the following analyses due to corrupted files.  
 7.2.2.1. Emotion Recognition Task EEG. In examining the difference values in mu 
suppression, between stimulation conditions collapsed across the three brain regions (frontal, 
central, parietal), a significant increase in mu suppression between the difference scores of 
active and sham was found for the frontal brain region (Z = -2.60, p = .009). No significant 
differences were found for the central or parietal regions (Central: Z = -1.32, p = 0.18; 
Parietal: Z = 0.98, p = .33). See Table 7.5 for descriptive statistics.  
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Table 7.5. Summary of descriptive statistics for difference scores in mu suppression across the three brain regions. 
Condition Region n Ranks Min-Max Median Mean Rank 
Active 
Sham 
Frontal 28 
 
19 
9 
0 
 
 
Negative 
Positive 
Ties 
-72.36-27.2 
-55.48-98.24 
 
-6.37 
6.03 
 
 
 
 
 
15.26 
12.89 
 
Active 
Sham 
Central 28 
 
10 
18 
0 
 
 
Negative 
Positive 
Ties 
-95.34-40.44 
-58.56-10.84 
 
-15.07 
5.39 
 
 
 
 
 
16.20 
13.56 
 
Active 
Sham 
Parietal 28 
 
11 
17 
0 
 
 
Negative 
Positive 
Ties 
-58.69-59.34 
-41.04-85.06 
 
-1.00 
6.73 
 
 
 
 
 
14.55 
14.47 
 
 
INVESTIGATING SOCIAL COGNTION IN SCHIZOTYPY 
Kirstyn Windsor 
103 
103 
 Due to significant results for mu suppression only being found for the frontal region, 
tACS effects on mu suppression were further explored through the specific electrode 
locations in the frontal region (F3, FZ, F4). Wilcoxon’s signed ranks tests revealed a 
significant increase in mu suppression at the F4 electrode location (Z = -2.78. p = 0.005). 
Furthermore, a trend toward a significant increase in mu suppression was revealed at 
electrode position F3 (Z = -2.14, p = 0.032). See Table 7.6 for descriptive statistics. In the 
remaining locations however, tACS had no significant effect on mu suppression. 
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Table 7.6. Summary of statistics for mu suppression differences scores at each electrode location. 
Condition Location n Rank Min-Max Median Mean Rank Z p 
Active 
Sham 
F3 28 
 
10 
18 
0 
 
 
Negative 
Positive 
Ties 
-68.0-48.98 
-68.2-92.40 
-17.24 
8.41 
 
 
 
 
 
10.90 
16.50 
-2.14 .03 
Active 
Sham 
FZ 28 
 
9 
19 
0 
 
 
Negative 
Positive 
Ties 
-84.2-46.51 
-57.17-100.3 
-7.81 
 
 
12.89 
15.26 
-1.98 .05 
Active 
Sham 
F4 28 
 
7 
21 
0 
 
 
Negative 
Positive 
Ties 
-84.31-20.57 
-53.10-101.9 
-17.10 
7.07 
 
 
 
 
 
11.57 
15.48 
-2.78 .005 
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7.3. The Effect of Inter-Individual Variability on Stimulation  
 Previous research indicates inter-individual differences to have a significant impact on 
NIBS efficacy (Datta et al., 2012; López-Alonso et al., 2014a), thus this was considered an 
important factor to explore. To investigate whether inter individual variability had an effect 
on our results, explorative analyses were conducted on the data of participants who did show 
changes in alpha activity and mu suppression post active and sham stimulation. To determine 
participants who showed mu suppression following active or sham stimulation, a visual 
inspection of the difference data was conducted, whereby positive values, n > 0, indicated 
change.  
A Wilcoxon signed rank analysis revealed there to be no significant differences 
between stimulation condition when looking at mu suppression difference scores in 
individuals who showed increased mu suppression, see Table 6.7. Similarly, a Wilcoxon 
signed rank test revealed there to be no significant differences in alpha activity between 
stimulation conditions when comparing resting EEG (eyes open and closed) alpha power 
differences, see Table 6.8. Individuals who showed mu suppression following active tACS 
did not show a significantly increased effect on mu suppression, or alpha activity, in 
comparison to sham.   
 Similarly to the above described analyses, explorative analyses were also conducted 
on the FER data for only those participants who showed changes in mu suppression following 
active and sham tACS. A Wilcoxon signed rank analysis revealed there to be no significant 
differences in FER performance between active and sham tACS for those participants who 
showed mu suppression, see Table 6.9. Due to the small number of participants (n = 10) who 
did show mu suppression following tACS (active or sham), the analyses were likely under 
powered. These results indicate that the non-significant results of this thesis are unlikely to be 
related to inter-individual differences in response to stimulation. 
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Table 7.7. Summary of Wilcoxon signed ranks results comparing stimulation condition for participants who showed mu suppression following 
stimulation.  
Active V Sham Location n Min-Max Median Mean Rank Z p 
Active 
Sham 
Frontal 11 0.00-1.00 
0.00-1.00 
-15.07 
5.39 
 -1.25 
 
0.21 
 
Negative Rank 3   6.33 
Positive Rank 8   5.88 
Ties 0   
        
Active 
Sham 
Central 7 0.00-1.00 
0.00-1.00 
-6.37 
6.023 
 -0.34 
 
0.74 
 
Negative Rank 3   4.00 
Positive Rank 4   4.00 
Ties 0   
Active 
Sham 
Parietal 7 0.00-1.00 
0.00-1.00 
-1.00 
6.73 
 -0.01 
 
0.31 
 
Negative Rank 3   2.67 
Positive Rank 4   5.00 
Ties 0   
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Table 7.8. Summary of Wilcoxon signed rank statistics comparing resting state EEG with participants who showed alpha power changes 
following stimulation. 
Active V Sham Location n Min-Max Median Mean Rank Z p 
Eyes Open        
Active 
Sham 
Frontal 4 0.01-0.08 
0.00-0.04 
0.002 
0.002 
 -0.73 
 
.47 
 
Negative Rank 2   3.50 
Positive Rank 2   1.50 
Ties 0   
 
Active 
Sham 
 
Central 
 
4 
 
0.00-0.07 
0.01-0.03 
 
0.003 
0.001 
  
-0.73 
 
 
.47 
 
Negative Rank 2   1.50 
Positive Rank 2   3.50 
Ties 0   
 
Active 
Sham 
 
Parietal 
 
7 
 
0.01-0.19 
0.00-0.04 
 
0.001 
-0.0002 
  
-1.35 
 
 
.18 
 
Negative Rank 5   4.40 
Positive Rank 2   3.00 
Ties 0   
        
Eyes Closed        
Active 
Sham 
Frontal 4 0.00-0.13 
0.00-0.12 
0.006 
-0.03 
 -1.83 
 
.07 
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Negative Rank 0   0.00 
Positive Rank 4   2.50 
Ties 14   
 
Active 
Sham 
 
Central 
 
12 
 
0.01/0.69 
0.00/0.35 
 
0.02 
0.02 
  
-1.88 
 
 
.06 
 
Negative Rank 9   7.00 
Positive Rank 3   5.00 
Ties 0   
 
Active 
Sham 
 
Parietal 
14  
0.00/0.98 
0.00/0.32 
 
0.03 
0.02 
  
-1.95 
 
.05 
 
Negative Rank 10   8.35 
Positive Rank 4   5.38 
Ties 0   
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Table 7.9. Summary of Wilcoxon signed rank statistics comparing FER scores for participants who showed mu suppression following 
stimulation. 
Region Emotion n Rank Min-Max Median Mean Rank Z p 
Frontal         
Active 
Sham 
Happy 3 
2 
5 
Negative 
Positive 
Ties 
-1.00-1.00 
-1.00-1.00 
1.00 
0.00 
3.00 
3.00 
-.447 .65 
Active 
Sham 
Angry 3 
0 
3 
Negative 
Positive 
Ties 
-1.00-1.00 
-2.00-3.00 
1.00 
0.50 
2.00 
0.00 
-1.60 .11 
 
Active 
Sham 
Sad 0 
5 
1 
Negative 
Positive 
Ties 
-4.00-2.00 
-2.00-3.00 
-0.50 
1.00 
0.00 
3.00 
-2.07 .04 
Active 
Sham 
Surprised 4 
2 
0 
Negative 
Positive 
Ties 
-2.00-4.00 
-4.00-5.00 
0.00 
0.00 
2.63 
5.25 
0.00 1.00 
Active 
Sham 
 
Disgusted 2 
6 
2 
Negative 
Positive 
Ties 
-3.00-4.00 
-3.00-4.00 
0.00 
1.00 
3.75 
4.75 
-1.50 .14 
Active 
Sham 
Fearful 6 
2 
2 
Negative 
Positive 
Ties 
-2.00-6.00 
-4.00-3.00 
0.50 
0.00 
4.75 
3.75 
-1.48 .14 
Central         
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Active 
Sham 
Happy 2 
3 
5 
Negative 
Positive 
Ties 
-1.00-1.00 
-2.00-2.00 
0.00 
0.00 
3.25 
2.83 
-.27 .79 
Active 
Sham 
Angry 5 
0 
0 
Negative 
Positive 
Ties 
-1.00-4.00 
-2.00-2.00 
.50 
0.00 
3.00 
0.00 
-2.06 .04 
Active 
Sham 
 
Sad 2 
3 
0 
Negative 
Positive 
Ties 
-4.00-3.00 
-2.00-3.00 
.50 
1.00 
2.75 
3.17 
-.54 .59 
Active 
Sham 
Surprised 2 
3 
0 
Negative 
Positive 
Ties 
-4.00-4.00 
-4.00-5.00 
-1.50 
-1.50 
2.75 
3.17 
-.54 .59 
Active 
Sham 
 
Disgusted 5 
5 
0 
Negative 
Positive 
Ties 
-3.00-3.00 
-3.00-4.00 
0.00 
1.00 
4.80 
6.20 
-.36 .72 
Active 
Sham 
Fearful 5 
3 
2 
Negative 
Positive 
Ties 
-2.00-6.00 
-3.00-4.00 
0.00 
1.00 
5.10 
3.50 
-1.06 .29 
Parietal         
Active 
Sham 
Happy 0 
2 
5 
Negative 
Positive 
Ties 
-1.00-1.00 
-1.00-1.00 
0.00 
0.00 
.00 
1.50 
-1.34 .18 
Active 
Sham 
Angry 2 
2 
0 
Negative 
Positive 
Ties 
-1.00-4.00 
0.00-3.00 
1.00 
1.00 
3.00 
2.00 
-.38 0.71 
Active 
Sham 
Sad 2 
2 
Negative 
Positive 
-4.00-3.00 
-2.00-1.00 
.50 
0.00 
3.25 
1.75 
-.55 .58 
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 0 Ties 
Active 
Sham 
Surprised 1 
2 
1 
Negative 
Positive 
Ties 
-4.00-3.00 
-4.00-2.00 
-1.00 
-1.00 
3.00 
1.50 
0.00 1.00 
Active 
Sham 
 
Disgusted 4 
3 
0 
Negative 
Positive 
Ties 
-3.00-4.00 
-2.00-4.00 
4.00 
0.00 
3.88 
4.17 
-.26 0.80 
Active 
Sham 
Fearful 2 
3 
2 
Negative 
Positive 
Ties 
-1.00-5.00 
-4.00-4.00 
0.00 
1.00 
3.25 
2.83 
-.27 0.80 
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7.4 Exploration of Schizotypy Characteristics  
 The assumptions of normality were violated for the SPQ data; a log transformation 
revealed the assumptions to still to be violated, thus non-parametric analyses were used. Note 
that one participants’ SPQ data was unavailable for use in these analyses due to excessive 
missing data within the questionnaire. Also, as mentioned above, accuracy scores for 
emotions: angry, sad and surprised were not available for the first 16 participants in this 
study, due to recording error. Table 7.10 provides descriptive statistics for SPQ scores across 
the whole sample. A paired samples t-test revealed the high traits (M = 108.93, SD = 29.61) 
and low traits groups (M = 25.36, SD = 15.98) to be significantly different, t(13) = -8.91, p = 
.00. Further analyses were conducted on these groups and mu suppression.  
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Table 7.10. Summary of descriptive statistics for participant SPQ sub-scores and total scores. 
 n M SD 
Ideas of reference 31 8.39 7.04 
Social anxiety 31 10.90 7.24 
Odd behaviour 31 3.94 4.13 
Unusual perceptual experiences 31 4.97 5.07 
Magical thinking 31 7.20 6.43 
No close friends 31 8.32 6.84 
Odd speech 31 10.00 7.78 
Constricted affect 31 6.41 6.16 
Paranoia 31 7.55 6.34 
Total score 31 67.68 48.18 
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7.4.1 SPQ correlates with Facial Emotion Recognition Task 
 Spearman’s rank order correlations were conducted between the total SPQ scores and 
the FER accuracy difference scores for both stimulation conditions. The higher the total SPQ 
score, the more schizotypy traits individuals were assessed to exhibit. Neither stimulation 
group revealed to have a significant relationship between the SPQ total scores and FER 
accuracy difference scores, suggesting that performance was not linked to schizotypy traits 
(see Table 7.11).  
 Similarly, Spearman correlations were also conducted for difference scores for 
response reaction times and the total SPQ scores. Again, neither stimulation condition 
showed to have a significant relationship with the total SPQ scores, see Table 7.12.  
7.4.2 Comparison of High/Low Schizotypy group on Facial Emotion Recognition 
Task 
 A Mann Whitney U test was used to evaluate whether there were any differences in 
SPQ trait groups (high versus low, based on a median split) for any of the emotions identified 
in terms of both accuracy and reaction time difference scores. No significant differences were 
found for either accuracy (see Table 7.13) or reaction time (see Table 7.14) on the FER task 
between the schizotypy trait groups. A trend toward a significant difference between groups 
for the emotion of fear was observed following sham however, (p = 0.03).
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Table 7.11. Summary of correlation coefficients for accuracy difference scores and total SPQ scores. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Condition Emotion n rs p  
Active Happy 30 -0.12 .55 
 Sad 16 -0.24 .36 
 Fearful 60 0.16 .42 
 Disgusted 60 -0.84 .67 
 Angry 16 0.42 .11 
 Surprised 16 0.03 .91 
Sham Happy 30 -0.08 .97 
 Sad 16 0.01 .98 
 Fearful 30 -0.43 .02 
 Disgusted 30 -0.18 .37 
 Angry 16 0.12 .67 
 Surprised 16 0.03 .92 
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Table 7.12. Summary of correlations coefficients for the reaction time difference scores on and total SPQ scores. 
 
 
 
Condition Emotion n rs P  
Active Happy 30 -0.13 .50 
 Sad 16 -0.34 .21 
 Fearful 30 -0.18 .37 
 Disgusted 30 0.07 .72 
 Angry 16 0.53 .03 
 Surprised 16 -0.14 .60 
Sham Happy 30 -0.01 .97 
 Sad 16 0.24 .39 
 Fearful 30 -0.19 .33 
 Disgusted 30 0.07 .72 
 Angry 16 0.04 .90 
 Surprised 16 -0.05 .86 
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Table 7.13. Summary of results from the Mann Whitney U tests evaluating SPQ group differences with accuracy group differences between 
conditions.  
Condition Emotion n Mean Rank U p 
Active      
 Happy 29  -0.6 
 
.98 
Low Traits 14 15.07 
High Traits 15 14.93 
  
 Sad 16  -1.70 
 
.11 
 Low Traits 7 10.71 
High Traits 9 6.78 
  
 Fearful 29  -0.69 
 
.51 
 Low Traits 14 13.89 
High Traits 15 16.03 
  
 Disgusted 29  
 
16.04 
-0.64 .53 
Low Traits 14 
High Traits 15 14.03 
  
 Angry 16  
 
 7.36 
-0.86 .41 
Low Traits 7 
High Traits 9 
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9.39 
 Surprised 16  
 
8.71 
 
8.33 
-0.16 .92 
Low Traits 7 
High Traits 9 
  
Sham      
 Happy 28  -0.30 .77 
 Low Traits 13 14.92 
High Traits  15 14.13 
  
 Sad 14  -0.66 
 
.51 
 Low Traits 6 6.67 
High Traits 8 8.13 
  
 Fearful 28  -2.20 .03 
 Low Traits 13 18.12 
High Traits 15 11.37 
  
 Disgusted 28  
15.58 
13.57 
-0.66 .53 
Low Traits 13 
High Traits 15 
  
 Angry 15  
7.64 
8.31 
-0.30 .78 
Low Traits 7 
High Traits 8 
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 Surprised 15  
6.64 
9.19 
-1.11 .23 
Low Traits 7 
High Traits 8  
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Table 7.14. Summary of results from the Mann Whitney tests evaluating SPQ group differences with reaction time (milliseconds) group 
differences between conditions. 
Condition Emotion n Mean Rank U p 
Active      
 Happy 29  -0.26 
 
.81 
Low Traits 14 14.57 
High Traits 15 15.40 
  
 Sad 16 10.71 -1.64 
 
.11 
 Low Traits 7 6.78 
High Traits 9  
  
 Fearful 28  -0.07 
 
 
 
.96 
 Low Traits 13 14.62 
High Traits 15 14.40 
  
 Disgusted 29  
15.93 
-0.57 .59 
Low Traits 14 
High Traits 15 14.13 
  
 Angry 16  
6.57 
10.00 
-1.43 .17 
Low Traits 7 
High Traits 9 
  
 Surprised 16  -0.58 .61 
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Low Traits 7 9.29 
7.89 
 
High Traits 9 
  
Sham      
 Happy 29  -0.13 .91 
 Low Traits 14 15.21 
High Traits  15 14.80 
  
 Sad 15  -0.58 
 
.61 
 Low Traits 7 7.29 
High Traits 8 8.63 
  
 Fearful 28  -0.64 .54 
 Low Traits 14 15.50 
High Traits 14 13.50 
  
 Disgusted 28  
14.36 
13.64 
 
-0.09 .95 
Low Traits 14 
High Traits 14 
  
 Angry 15  
8.29 
7.75 
-0.23 .87 
Low Traits 7 
High Traits 8 
  
 Surprised 16  
10.43 
7.00 
-1.43 .17 
Low Traits 7 
High Traits 9 
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7.4.3 Resting state EEG and SPQ Score Correlations 
 Spearman correlations were used to explore the relationships between the differences 
in resting state (eyes open or closed) alpha power following the two stimulation conditions 
and total SPQ scores. No significant correlations were identified for either the eyes opened or 
eyes closed conditions, see Table 7.15.  
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Table 7.15. Summary of correlation coefficients and the associated p values for the difference scores in both the eyes open and closed conditions 
compared to SPQ total scores.  
Condition Type Location n rs p 
Active Eyes open Frontal 27 -0.23 .25 
  Central 27 0.01 .98 
  Parietal 27 -0.21 .29 
 Eyes closed Frontal 27 0.07 .74 
  Central 27 -0.09 .65 
  Parietal 27 -0.24 .24 
Sham Eyes open Frontal 27 -0.53 .79 
  Central 27 -0.36 .86 
  Parietal 27 -0.17 .40 
 Eyes closed Frontal 27 0.15 .47 
  Central 27 -0.45 .02 
  Parietal 27 -0.31 .11 
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7.4.4 Mu Suppression and SPQ Score Correlations 
 In running Spearman correlations with the mu suppression difference scores and SPQ 
total scores, the EEG electrode locations were collapsed across three corresponding brain 
regions (frontal, central and parietal). Note that three participants’ data was not available, two 
due to recording errors and one due to excessive missing data in the SPQ, as previously 
noted. No significant correlations were revealed through these analyses for either the active 
or sham conditions, see Table 7.16. Similarly, no significant differences were found when 
using a Mann Whitney analyses to compare SPQ traits groups (high versus low) with the mu 
suppression difference scores, see Table 7.17. 
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Table 7.16. Summary of correlation coefficients and associated p-values for the mu suppression difference scores and SPQ total scores.  
Condition Region n rs p 
Active Frontal 27 0.08 .69 
 Central 27 0.04 .84 
 Parietal 27 0.11 .60 
Sham Frontal 27 -0.04 .82 
 Central 27 -0.08 .70 
 Parietal 27 0.25 .21 
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Table 7.17. Summary of Mann Whitney results for comparison between SPQ group and mu suppression difference numbers from pre to post 
between conditions.  
 Location n Median Min/Max Mean 
Rank 
Z P 
Active Frontal 27 -15.07 -72.36/27.20  -0.87 
 
.38 
 Low Traits 13   12.62 
High Traits 14   15.29 
    
 Central 27 -6.37 -95.34/40.44  -0.53 
 
.62 
 Low Traits 13   13.25 
Positive Traits 14   14.79 
    
 Parietal 27 -1.00 -58.69/59.34  -1.06 
 
.30 
 Low Traits 13   12.31 
Positive Traits 14   15.57 
    
Sham Frontal 27 5.39 -55.48/98.24  -0.19 
 
.87 
 Low Traits 13  
 
 13.69 
High Traits 14   14.29 
    
 Central 27  
6.023 
-58.56/106.8  0.00 
 
1.00 
 
Low Traits 13   14.00 
High Traits 14   14.00 
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 Parietal 27 6.73 -41.04/85.06  -0.97 .35 
 Low Traits 13   12.46 
High Traits 14   15.43 
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7.5 Exploratory Analyses on the Effect of Inter-Individual Variability for Stimulation 
and SPQ Characteristics 
 To further evaluate the relationship between mu suppression and schizotypy, a Mann 
Whitney analysis was used to determine whether there was a significant difference between 
participants who showed greater mu suppression following active stimulation and schizotypy 
characteristics (high versus low traits). No significant differences were found for either 
condition across any of the brain regions, see Table. 7.18. Figure 7.1 depicts bar graphs 
showing the level of mu suppression for each condition against SPQ trait groups. 
Additionally, participants who showed changes in alpha power from pre to post following 
stimulation during resting EEG (eyes open and closed) were compared to SPQ characteristic 
groups, see Table 7.19. Again, no significant difference was found in any region for either 
condition in the eyes open or closed resting states.  
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Table 7.18. Summary of Mann Whitney statistics, comparing participants who showed greater mu suppression following stimulation with SPQ 
group characteristics (high versus low traits).  
 Location n Median Mean Rank Z p 
Active       
 Frontal 18 -21.22 
 
 -1.55 
 
.14 
 
Low Traits 9  7.56 
High Traits 9  11.44 
   
 Central 11 -17.39 
 
 -1.28 
 
.25 
 
Low Traits 5  4.60 
High Traits 6  7.17 
   
 Parietal 15 -19.42 
 
 -0.93 
 
.40 
 
Low Traits 8  7.00 
High Traits 7  9.14 
   
Sham       
 Frontal 12 -22.42 
 
 -1.28 
 
.24 
 
Low Traits 6  5.17 
High Traits 6  7.83 
   
 Central 11 -17.93  -1.28 .25 
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Low Traits 5  4.60 
High Traits 6  7.17 
   
 Parietal 11 -18.36 
 
 -0.72 .54 
 
Low Traits 6  5.33 
High Traits 5  6.80 
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Table 7.19. Summary of Mann Whitney statistics for participants who showed changes in alpha power from pre to post at resting state and SPQ 
trait groups.  
 Location n Median Mean Rank Z p 
Eyes Open       
Active       
 Frontal 10 0.01 
 
 
 -0.31 
 
.75 
 
Low Traits 5  5.20 
High Traits 5  5.80 
   
 Central 10 0.01 
 
 -0.11 
 
1.00 
 
Low Traits 3  5.67 
High Traits 7  65.43 
   
 Parietal 13 0.02 
 
 -0.57 
 
.63 
 
Low Traits 7  6.43 
High Traits 6  7.67 
   
Sham       
 Frontal 12 0.01 
 
 -0.72 
 
.49 
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Low Traits 6  7.25 
High Traits 6  5.75 
 6  
 Central 7 0.01 
 
 -0.71 
 
.63 
 
Low Traits 3  4.67 
High Traits 4  3.50 
   
 Parietal 13 0.01 
 
 -0.29 .84 
 
Low Traits 6  7.33 
High Traits 7  6.71 
       
Eyes Closed       
Active       
 Frontal 15 0.08 
 
 -0.39 
 
.75 
 
Low Traits 11  7.73 
High Traits 4  8.75 
   
 Central 16 0.06 
 
 -1.22 
 
.25 
 
Low Traits 7  6.86 
High Traits 9  9.78 
   
 Parietal 18 0.05 
 
 -0.23 
 
.86 
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Low Traits 7  9.14 
High Traits 11  9.73 
   
Sham       
 Frontal 9 0.05 
 
 -1.47 
 
.19 
 
Low Traits 4  6.50 
High Traits 5  3.80 
   
 Central 20 0.03 
 
 -1.77 
 
.08 
 
Low Traits 8  7.63 
High Traits 12  12.42 
   
 Parietal 20 0.04  -1.79 .00 
 Low Traits 9  7.89 
High Traits 11  12.64 
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Figure 7.1. Bar graphs showing the level of mu suppression for each SPQ trait group. Error 
bars represent the standard deviations. A) mu suppression following active stimulation, B) 
mu suppression following sham stimulation.  
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Chapter 8 
Discussion 
8.1 Thesis Summary  
 This thesis investigated whether tACS could modify alpha activity and subsequently 
influence FER performance in participants with low and high schizotypy traits. Social 
cognition is pivotal in our ability to draw inferences about other’s beliefs, intentions and 
behaviours (Penn et al., 1997). An important feature of social cognition, and the one 
investigated in this thesis, is the ability to recognise and interpret facial emotions. Recent 
work has identified abnormal alpha bandwidth activity over the sensorimotor cortex to be 
related to deficits in FER in schizophrenia (Klimesch, 2012). Studies using tACS have shown 
efficacy in modulating neural bandwidths at the stimulation frequency (see Chapter 3 for 
review). The following chapter will consolidate the overall findings according to the aims and 
hypotheses presented, with subsequent discussion exploring these findings further. 
Limitations of the study and future research recommendations will also be explored. 
8.1.1 Aim 1 
The first aim of this thesis was to investigate the effect of applying tACS over the left 
sensorimotor cortex, particularly with respect to FER ability. The hypothesis that active alpha 
frequency tACS would improve accuracy and reaction time on a FER task was not supported. 
No changes in FER performance were found following active tACS for either accuracy or 
reaction time in the identification of any of the six emotions presented.  
To our knowledge this is the first study to apply alpha frequency tACS over the 
sensorimotor cortex to assess the subsequent effects on FER. In an attempt to determine 
whether alpha frequency tACS application over the sensorimotor cortex had any specific 
effect on FER, the n-back working memory task was performed as a control. As expected, 
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there were no significant differences in performance on this task following active or sham 
tACS. This result indicates that tACS effectively did not have any effect on any aspect of 
cognition in this thesis.  
8.1.2 Aim 2 
 The second aim of this thesis was to explore the effects of alpha frequency tACS on 
alpha bandwidth electrophysiological activity. This was examined at rest, and during the 
completion of a FER task. The hypothesis that active alpha frequency tACS would 
significantly modify alpha activity in the central and frontal regions of the brain at rest was 
partially supported. No differences in alpha frequency activity were observed following 
active tACS, nor were any changes in mu suppression observed in the parietal and central 
regions following active tACS. However, a significant change in mu suppression following 
active tACS was found in the frontal region while participants completed the FER task.  
  8.1.2.1 Resting State EEG. In the eyes open resting states recordings, we did not 
identify any significant changes in alpha band activity following stimulation when compared 
to baseline. Similarly, for the eyes closed resting state recordings, no significant differences 
in alpha band activity between the stimulation conditions were noted for any of the three 
regions of the brain (frontal, central or parietal). 
 These findings might be considered to be in contrast with previous research, which 
has found IAF tACS to enhance alpha power at rest following active stimulation (Neuling et 
al., 2013). However, in previous research looking at the effects of stimulation at rest with 
both eyes open and closed, the electrode montage targeted the occipito-parietal regions rather 
than the sensorimotor cortex, as was the case in the present study. Additionally, the present 
thesis did not target IAF. As discussed in chapter 3, the efficacy of tACS on bandwidth 
modulation is variable, with studies using similar protocols yielding inconsistent results. 
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  8.1.2.2 Task Related Modulation. The hypothesis that active alpha frequency tACS 
would significantly modify mu suppression in the central and frontal regions of the brain 
while participants performed the FER task was partially supported. Active stimulation 
resulted in significant increases in mu suppression during the FER task at electrode location 
F4 and a trend toward significance at electrode location F3. Additionally, a significant 
increase in mu suppression between conditions was found for the frontal brain region but not 
the central. This finding is in line with past research. Pahor and Jaušovec (2014) found 
significant differences in alpha activity following active, but not sham, IAF tACS in the 
frontal lobe when the target electrode was placed over F3. Changes in parietal region alpha 
activity following IAF tACS have been observed when the electrode montage focuses on this 
region (Pahor & Jaušovec, 2014; Vossen et al., 2015; Zaehle et al., 2010a). The increases in 
mu suppression seen in the frontal but not central region may be attributed to the frontal 
region’s specific functions in FER. Specifically, alpha connectivity in the sensory motor 
cortex, located in the frontal lobe, has been directly related to FER ability (Niedenthal, 2007; 
Van der Gaag et al., 2007). While increases in mu suppression and alpha activity are not the 
same, these findings potentially indicate the primary role of alpha activity in FER ability over 
the frontal region. 
 To account for inter-individual variability on stimulation effectiveness, explorative 
analyses were performed on participants who showed changes in alpha activity and mu 
suppression following stimulation. No significant differences were found for these analyses, 
suggesting that individual differences in endogenous alpha activity did not underpin these 
results. This is particularly important to ascertain as the power of endogenous alpha 
bandwidths can be a primary factor in a participants’ responsiveness to tACS (Neuling et al., 
2013).  
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8.1.3. Aim 3 
 8.1.3.1 SPQ and Task Performance. The third and final aim of this thesis was to 
explore the relationship between alpha bandwidth modification and FER with schizotypy 
traits. The hypothesis that there would be a relationship between alpha activity and FER 
ability, following active stimulation, between high and low schizotypy traits and total SPQ 
scores, was not supported. Our results showed a trend toward a significant negative 
relationship between schizotypy characteristics and accuracy in identifying fear following 
sham stimulation.  Thus, having higher levels of schizotypy traits might be associated with 
reduced accuracy in identifying the emotion of fear, following sham stimulation. This could 
potentially indicate that high levels of schizotypy traits are associated with having reduced 
ability in identifying the emotion of fear at baseline, which was then enhanced through active 
tACS as no such relationship was noted for the active condition. This trend toward a 
significant relationship is in line with our third hypothesis, and also with previous research 
indicating NIBS techniques’ ability to modify FER ability in schizophrenia (Wölwer et al., 
2014). Nevertheless, as these findings are trends toward significance, they cannot be 
considered supportive of our hypothesis. 
 As expected, no significant relationships were found between schizotypy traits and n-
back task performance. Previous research has identified working memory deficits in 
schizotypy populations, however abnormal alpha activity has not been associated with 
working memory dysfunction (Koychev et al., 2011). The lack of association here further 
supports that alpha frequency tACS over the sensorimotor cortex has a selective effect on 
alpha and thus FER performance in schizotypy and non-schizotypy populations. However, it 
should be noted that this interpretation is based on trends in the results rather than statistically 
significant outcomes.  
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 8.1.3.2 SPQ and Resting State Activity. The relationship between the resting state 
data and the SPQ total scores was not significant. A trend toward a significant negative 
correlation, however, was revealed between SPQ total scores and the change in alpha activity 
over the central region following sham with participant’s eyes closed. This trend is in line 
with the hypothesis that there would be a relationship between alpha activity and total SPQ 
scores, indicating that higher schizotypy traits are associated with no difference in alpha 
activity following sham stimulation. This finding suggests that over the central region, the 
more schizotypy traits a participant has, the more reduced their alpha activity is following 
sham. As a similar finding was not found following active tACS, this trend for sham 
stimulation may suggest that active tACS did have an effect on alpha activity over the central 
region. This trend may not have reached the point of significance due in part to the 
homogeneity of sample used in this thesis; that is, they were primarily University students, 
and the range of schizotypy traits appears to be restricted. This result might be seen as 
consistent with the suggestion that 1) alpha modification through tACS requiring multiple 
sessions, or 2) the extent to which changes can be induced in healthy controls is limited due 
to homeostatic effects of the brain (discussed further in 7.6.3). 
 8.1.3.3 SPQ and Mu Suppression. In contrast to expectations, there were no 
relationships between a change in mu suppression in the three brain regions (frontal, central 
or parietal) and total SPQ scores. This result was unexpected considering past literature’s 
findings of alpha bandwidths being dysregulated in schizotypy samples (Giakoumaki, 2016) 
and schizotypy’s neurological relationship with schizophrenia (Popov et al., 2014a).  
 Similar to the EEG data, explorative analyses were run using the participants who 
showed changes in alpha activity and mu suppression following stimulation stratified by 
schizotypy group data. No significant differences were found for either condition across all 
three brain regions. Similarly, explorative analyses on the resting EEG data revealed no 
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significant differences between the high and low schizotypy characteristic groups. These 
findings do not align with expectations or previous literature, however due to this thesis being 
the first to our knowledge to investigate tACS on schizotypy traits, it may suggest that alpha 
bandwidth modification is not as effective in schizotypy samples as in schizophrenia samples, 
presumably due to the sub-clinical symptoms and differing neurobiology underlying 
schizotypy and schizophrenia (Mientus et al., 2002; Turrigiano, 1999). It has been suggested 
that homeostatic responses in the brain of neurotypical individuals detect and control for sub-
threshold changes in membrane potentials, either by up or down regulating neural activity 
(Rodger, Mo, Wilks, Dunlop, & Sherrard, 2012). Subsequently, when tACS is applied and 
changes to neuronal membrane potentials result, homeostatic effects of the healthy brain 
might limit or completely prevent lasting synaptic changes (Fertonani, Pirulli, & Miniussi, 
2011; Rodger et al., 2012; Turrigiano, 1999).      
8.2 In Depth Interpretation of Overall Findings  
Considering the large variation in the number of stimulation sessions (i.e., one in this 
thesis versus ten in Wölwer et al. (2014)), behavioural improvement as a result of bandwidth 
modification in the frontal lobe through NIBS may be dosage dependent. That is, our null 
findings may simply reflect that we did not stimulate for long enough, or have enough 
stimulation sessions, to show an effect. Additionally, Wölwer et al. (2014) used rTMS as the 
mode of NIBS intervention (see chapter 3 for further information on rTMS), suggesting 
bandwidth modification may be more pronounced with this form of stimulation. The frontal 
lobe’s involvement in FER processing appears to be related to an interaction between the 
prefrontal and temporal cortical areas (Popov et al., 2014b). Specifically, prefrontal regions 
are important in the interpretation of emotional stimuli, with lateralization changes being 
noted following NIBS of this area during stimuli with varying emotional valence (Fusar-Poli, 
Placentino, Carletti, Landi, & Abbamonte, 2009; Marwick & Hall, 2008; Padberg et al., 
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2001). While the prefrontal cortex plays an important role in face recognition, the 
sensorimotor cortex processes emotional stimuli through the recruitment of 
neurophysiological events that also occur when you experience the emotion for yourself, a 
facial feedback mechanism (Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000; 
Niedenthal, 2007; Van der Gaag et al., 2007). Therefore, it may be that the prefrontal cortex 
is involved in the FER of static images, whereas the sensorimotor cortex is more involved in 
the identification of dynamic facial expression. This suggestion is somewhat supported by 
findings of Enticott, Johnston, Herring, Hoy, and Fitzgerald (2008), who found motor 
resonance within the primary motor cortex to be associated with FER accuracy in static 
images, thus prompting further investigation into the role of the sensorimotor cortex in FER 
accuracy of dynamic stimuli. Due to the lack of changes in alpha activity seen at the central 
stimulated EEG location (C3), it is possible that a ‘cognitive resources ceiling effect’ 
occurred, whereby participants significantly engaged the neural mechanisms required to 
complete the task, and any stimulation enhancement therefore had no effect (Hoy et al., 
2013). As static FER images were not used in this study, it is unclear whether the changes in 
alpha activity seen in the frontal lobe would have led to behavioural changes on a task with 
static stimuli.  
Modulation of stimulation frequency bandwidths at the location of stimulation is 
reported in six previous studies (Boyle & Frohlich, 2013; Helfrich et al., 2014; Neuling et al., 
2013; Pahor & Jaušovec, 2014; Vossen et al., 2015; Zaehle et al., 2010b). However, in 
contrast to the present thesis, these studies used electrode montages that targeted the occipital 
and parietal EEG locations. Consequently, as mentioned earlier, the efficacy of tACS 
modification in these areas may be explained in part through the parietal region stimulation 
having a more prominent effect on brain activity. The parietal region plays a central role in 
the organisation of neuronal networks, making it a potentially more effective area to stimulate 
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(Achard, Salvador, Whitcher, Suckling, & Bullmore, 2006). Additionally, the lack of 
modification in the central region may also be explained through the lack of regional 
specificity of the tACS electrodes. The larger the electrode size and the greater the distance 
between the reference and active electrodes, subsequently increases the relative current 
crossing and spreading throughout the brain (Datta, Elwassif, Battaglia, & Bikson, 2008). 
The active and reference electrodes used in tACS mean that brain activity is modulated from 
two areas. In the case of the present results, it appears that brain activity under the reference 
electrode was modulated more than that under the active electrode, with significant increases 
in mu suppression being found for the frontal region but not the central where the active 
electrode was placed. This finding is somewhat supported by the findings of Wölwer et al. 
(2014), who found FER to be modified through alpha frequency rTMS over the frontal lobe. 
The authors did not measure bandwidth activity, therefore it is not known whether the 
stimulation was having a direct effect on alpha activity, however paired with the results of 
this thesis it appears likely. 
 At an electrophysiological level, this thesis indicates that alpha bandwidth activity 
appears to be modified by a single session of alpha frequency tACS in the frontal lobe and 
directly under the electrodes stimulated (F4 and C3 (trend toward significance)). In contrast 
to past research, this change in alpha activity (increase in mu suppression) did not have an 
effect on FER task ability. As mentioned previously, Wölwer et al. (2014) found significant 
improvements in FER in individuals with schizophrenia following ten alpha frequency rTMS 
sessions over the dorsolateral prefrontal cortex (DLPFC).  
 To the best of our knowledge, this is the first study to look at the effects of tACS on 
schizotypy traits. Deficits in FER in schizophrenia are well established, and appear to be 
stable throughout the illness course and severity (Kohler et al., 2010; Mueser et al., 1996). 
Similar results have also been found for SPD with limited to no difference in FER ability 
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seen between the disorder and schizophrenia (Kohler et al., 2010). The literature is 
inconsistent, however, regarding the deficits seen in FER in schizotypy. Five studies found 
significant differences in FER in individuals with high schizotypy traits in comparison to 
controls with low schizotypy traits (Germine & Hooker, 2011; Mikhailova, Vladimirova, 
Iznak, Tsusulkovskaya, & Sushko, 1996; Poreh, Whitman, Weber, & Ross, 1994; Waldeck & 
Miller, 2000; Williams et al., 2007). Williams et al. (2007) found specific deficits in 
participants with high schizotypy traits for identifying positive emotions only. Other groups 
have found no differences in FER between high or low schizotypy groups (Jahshan & Sergi, 
2007; Toomey & Schuldberg, 1995; van't Wout, Aleman, Kessels, Larøi, & Kahn, 2004).  
 Abnormalities in oscillatory activity in the brain have been widely documented in 
schizophrenia, with specific deficits noted in alpha activity as related to FER (Hinkley et al., 
2011; Nikulin et al., 2012; Norton et al., 2009). Decreases in the alpha frequency band have 
been observed in the temporal lobe of schizotypy participants under low resolution 
electromagnetic tomography (LORETA) (Mientus et al., 2002). In contrast however, alpha 
(8-10 Hz) changes were not observed through EEG in the same population, and in 
comparison to schizophrenia patients, higher values on spectral power were found for alpha1 
(Wuebben & Winterer, 2001). The current results showed no relationship between mu 
suppression and alpha activity with schizotypy traits. Following active stimulation, changes 
in mu suppression were found in the frontal region, however there was no relationship with 
this result and schizotypy traits. Based on these results and those of Wuebben and Winterer 
(2001), abnormalities in alpha bandwidth activity in schizotypy do not appear to correlate to 
those also seen in schizophrenia. Alternatively, in considering the alpha abnormalities 
observed through LORETA (an EEG technique) in schizotypy (Mientus et al., 2002), it may 
be that the deficits in alpha activity are present, however not visible through EEG recordings 
where LORETA is not used.  
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8.3 Implications for tACS on alpha activity and facial emotion recognition 
8.3.1 Implications for Research 
 8.3.1.1 tACS Efficacy in Modifying Neural Oscillations. The efficacy of tACS in 
modifying neural activity at the stimulation frequency has been shown through past research, 
with results indicating neural modification following active stimulation (Boyle & Frohlich, 
2013; Helfrich et al., 2014; Neuling et al., 2013; Pahor & Jaušovec, 2014; Vossen et al., 
2015; Zaehle et al., 2010b). Specifically, neural stimulation over the parietal and occipital 
lobes appears to generate the most consistent modulation results, provided the stimulation 
duration is between 18 to 20 minutes (Helfrich et al., 2014; Neuling et al., 2013). A total of 
10 studies reported having applied tACS and measured the subsequent neurophysiological 
changes in the brain, while others (Brignani et al., 2013; Jaušovec, Jaušovec, & Pahor, 2014a; 
Joundi, Jenkinson, Brittain, Aziz, & Brown, 2012; Laczó, Antal, Niebergall, Treue, & Paulus, 
2012; Sela, Kilim, & Lavidor, 2012) applied tACS brain and subsequently inferred 
bandwidth changes based on performance on a behavioural task associated with that specific 
bandwidth activity. This is important to note considering the variation in tACS effects on 
neural oscillatory activity, outlined in chapter 3. Without neurophysiological measures to 
justify bandwidth changes, the specific effect of tACS on bandwidth modulation is unclear. 
In the present thesis, alpha frequency tACS applied to the sensorimotor cortex modified mu 
suppression at the frontal lobe (reference electrode at F4), however had no effect on alpha 
activity at rest, or at any other brain region. Due to the high standard of experimental design 
employed in this thesis (double blinded, repeated measures, control design), despite the 
limited results, it might be suggested that as this form of stimulation is still in its infancy, far 
more research is needed to determine its efficacy. Subsequently, considering these results and 
previous research’s lack of electrophysiological measurement, in order to further knowledge 
of tACS specific effects on bandwidth activity, future research would benefit from including 
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electrophysiological measurements as a matter of protocol. At this point in the literature it 
appears too early to rule out sensorimotor cortex involvement in FER, especially considering 
Popov et al. (2014b) findings of alpha bandwidth activity in this area being linked to FER 
ability. These results may indicate, however, that tACS is not sufficient in its stimulation 
capacity; that is, while it increases the likelihood of neurons firing, it does not cause them to 
fire, thereby perhaps not being of sufficient intensity to modulate the mechanisms within the 
sensorimotor cortex, and thus affect FER. Nonetheless, there is some indication that tACS is 
able to increase mu suppression, suggesting that this form of stimulation may be a beneficial 
form of intervention for disorders where abnormal neural oscillations are a key part of 
symptomology.   
 8.3.1.2 tACS Efficacy in Behavioural Change. Eight studies, albeit using varying 
protocols in terms of outcome task, electrode size, stimulation intensity, frequency, location, 
and duration, reported changes in behavioural performance following active tACS (Brignani 
et al., 2013; Jaušovec & Jaušovec, 2014; Jaušovec et al., 2014a; Joundi et al., 2012; Laczó et 
al., 2012; Pahor & Jaušovec, 2014; Sela et al., 2012; Vosskuhl et al., 2015). The current 
thesis revealed no changes in behavioural performance on the FER task or on the n-back 
working memory task following stimulation.  
This discrepancy in results between past research and the current thesis is somewhat 
unclear, as no consistent differences between past research and the current thesis can be 
gleaned. Subsequently, the results from this thesis may suggest that FER ability cannot be 
modified through tACS. However, as this is the first study to look at FER in relation to tACS, 
further research is needed. Due to tACS’s mode of action being to increase or decrease the 
excitability of neurons, thereby, increasing the likelihood of an action potential (Zaghi, de 
Freitas Rezende, et al., 2010), it may be that for complex functions like FER to be modified, 
action potential must be directly invoked, as is the case through TMS (Wölwer et al., 2014). 
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Thus far, the majority of studies that have found tACS to significantly modify alpha 
bandwidths have used tasks during stimulation with the specific purpose of maintaining a 
participant’s vigilance (Neuling et al., 2013; Vossen et al., 2015; Zaehle et al., 2010b).   
Consistent with this suggestion, the changes in FER highlighted by Wölwer et al. 
(2014) were through the application of rTMS. However, participants in this study also 
received 10 consecutive sessions of rTMS, potentially indicating that the cumulative effects 
of increased numbers of stimulation sessions is important in modifying FER through NIBS. 
This suggestion is supported by therapeutic NIBS interventions, whereby multiple sessions 
are used to sustain lasting neurobiological and behavioural effects (Perera et al., 2016). 
Trends towards significance for the emotion of fear in this thesis support this idea of number 
of sessions of stimulation being important. However, because the results do not specifically 
indicate this, further research is needed to confirm. Only one active session was used here 
and a trend was found. Thus, the impact of tACS on FER ability may require subsequent 
sessions, and only be effective for negative emotions. Past research has found the 
identification of negative emotions to be more difficult than positive ones (Marwick & Hall, 
2008). In looking at this from a gestalt perspective, the salient characteristic of a smiling 
mouth is easily interpreted, thus suggesting a need for fewer neurological processes and 
subsequent deficits in the recognition process (Barkhof, de Sonneville, Meijer, & de Haan, 
2015). Therefore, it would be expected that greater changes would be seen for negative 
emotions than positive ones.  
8.3.1.3 tACS Efficacy in Schizotypy. The trend toward a relationship between greater 
reduction of resting alpha power at the central region and SPQ total scores, coincides to some 
degree with previous research finding decreased alpha power in the temporal lobe in 
schizotypy (Giakoumaki, 2016), and suggests that, at rest, active tACS had a small effect on 
alpha bandwidth activity in participants with high schizotypy traits. Subsequently, it would 
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appear that there may be some alpha bandwidth abnormalities in schizotypy that can be 
somewhat modified by tACS, however not to the extent that may be seen in schizophrenia. 
The median split analyses of this thesis do not support this however, potentially due to the 
characteristics of the sample being mainly that of University students. 
Similarly, we did not identify any relationships between tACS and FER ability with 
schizotypy, nor a difference between high and low schizotypy traits groups on FER ability. 
There were, however, some trend level relationships identified between SPQ score and 
accuracy, for the identification of the emotion of fear. This might indicate that there may be 
some effect on FER ability in high levels of schizotypy following one session of tACS. 
Corresponding to this suggestion, Wölwer et al. (2014) observed that in schizophrenia 
patients, where there was a greater discrepancy in participant FER ability, more improvement 
was gained. This increased improvement may be attributed to greater deficit and therefore 
more room for behavioural improvement.   
The lack of relationship identified between alpha activity and mu suppression with 
schizotypy traits, potentially indicates alpha activity in schizotypy to be not as dysregulated 
as it is observed to be in schizophrenia. The results of Popov et al. (2014b), which suggest 
abnormalities in alpha activity over the sensorimotor region, are in contrast to the results of 
this thesis, and therefore may be specific to schizophrenia. These differences may be 
attributed to the differences in severity of neural deficits between schizotypy and 
schizophrenia, as highlighted in chapter 4. Future research would benefit from using the same 
protocol as this thesis in schizophrenia populations. tACS is yet to be used in a clinical 
population like schizophrenia, however the results of this thesis indicate that there is safety in 
doing so and potential benefit in the modification of oscillations at the alpha frequency in the 
frontal lobe. 
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 8.3.1.4 Implications for tACS Blinding. The ability to blind participants receiving 
tACS has gained some attention of late, due to considerable concern around tACS-induced 
phosphines potentially unblinding participants to their stimulation condition. To date, limited 
measures have been employed by studies using tACS to account for these difficulties in 
blinding. The majority of studies find the point at which participants notice the flickering 
light sensations and subsequently stimulate 100 to 250µA below that intensity (Jaušovec & 
Jaušovec, 2014; Neuling et al., 2013; Pahor & Jaušovec, 2014; Strüber et al., 2015; Strüber et 
al., 2014; Vossen et al., 2015; Vosskuhl et al., 2015; Zaehle et al., 2010b). While this is an 
effective way to control for the side effects of tACS, there is a chance that stimulation effects 
may be missed due to the lowered in intensity (i.e., underdosing). Therefore, in this thesis a 
white noise video clip was presented during active and sham stimulation to counteract or 
mask the flickering light effects. The post stimulation questionnaire required participants to 
indicate whether they thought they had received active or sham stimulation during that 
session. No differences were found between responses for each condition, and subsequently it 
can be concluded that participants remained largely blinded to their stimulation condition. 
Future research may consider employing this technique instead of stimulating at a lower 
intensity and potentially missing stimulation effects. 
8.3.2 Clinical Implications 
 8.3.2.1 Symptomology. Schizotypy refers to a set of personality traits that indicate a 
likelihood to schizophrenia (Lenzenweger & Korfine, 1995). Such traits have a prevalence of 
around 10% of the population (Debbané et al., 2015). fMRI research reveals that individuals 
with high levels of schizotypy, as well as those with schizophrenia, appear to have similar 
impairments in the ventral and dorsal systems of the brain (Siever et al., 2002). These 
impairments have been linked to poor emotion regulation, poor emotion recognition and poor 
emotion production. Subsequently, an important implication for the future of schizotypy is to 
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determine the extent of symptom deficit, to inform intervention and the degree of association 
to schizophrenia. 
 Social competence is a strong predictor of outcome in schizophrenia, with the level of 
social competence at discharge having an inverse relationship with readmission (Perlick, 
Stastny, Mattis, & Teresi, 1992; Strauss & Carpenter, 1977). Currently, there are limited 
effective treatments for the social cognition deficits seen in schizophrenia, prompting 
investigation into neurobiology of the deficits to ascertain new routes of intervention. 
Investigation around techniques such as tACS, as used in this thesis, opens up new potential 
avenues for intervention. 
By establishing a relationship between neurobiology and social cognition deficits in 
schizotypy, a more accessible population becomes available for further investigation. 
Additionally, considering the neural abnormalities found to be consistent across both 
conditions, a greater understanding can be gained around sub-clinical social cognition 
deficits, as has been done in this thesis. Exploring the associations between schizotypy and 
social cognition can significantly aid the understanding of central schizophrenia-related 
processes without the confounding factors (e.g., medication, hospitalizations and negative 
symptoms) intrinsic in the study of patient populations (Gruzelier, 2003). By exploring the 
emotional impairments and their neurological underpinnings in schizotypy, we can better 
understand the course of related deficits, and provide a holistic approach in identifying 
individuals who are at high risk of converting into psychosis (Giakoumaki, 2016).  
8.3.2.2 Intervention. As mentioned throughout this thesis, there are currently limited 
effective treatments for social cognition deficits in schizophrenia. Some newer atypical-
antipsychotic medications (e.g. Clozapine) show slight facilitation in a patient’s ability to 
accurately identify emotion, however there is no evidence for them being able to substantially 
overcome the impairment (Kee, Kern, Marshall, & Green, 1998). FER is a critical component 
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of social cognition and may therefore serve as a mediator between basic neuro-cognition and 
social functional outcome (Wölwer et al., 2005). The present thesis suggests tACS may be a 
promising avenue for future research to continue to investigate in its ability modifying 
bandwidths at the stimulation frequency in the frontal lobe and thus potentially modulating 
related behaviours. Therefore, tACS may be an advantageous technique to trial in 
schizophrenia populations to further evaluate and potentially modify alpha bandwidth’s 
relationship with FER.  
With the emergence of new therapies and NIBS techniques, new treatment avenues 
are being trialled. One such technique, training of affect recognition (TAR) is a twelve 
session manualised training program designed to focus on the remediation of FER 
(Frommann, Streit, & Wölwer, 2003). Individuals learn over a series of three blocks how to 
identify and discriminate facial signs, place them holistically by only relying on first 
impressions, and process them when integrated into social, behavioural or situational contexts 
(Frommann et al., 2003). Results indicate that TAR significantly improves FER in 
individuals with schizophrenia to a point approaching normal performance level seen in 
healthy controls (Wölwer et al., 2005). Similar results were not found when using cognitive 
remediation therapy, which focuses on attention, memory and executive functions (Wykes, 
Huddy, Cellard, McGurk, & Czobor, 2011). These results indicate that to address FER 
deficits, specialized training programs beyond treatments as usual are needed. Hence, future 
research may consider exploring whether NIBS techniques have a role in facilitating FER 
deficit training, when used concurrently. 
The connectivity hypothesis of schizophrenia asserts that the symptoms of 
schizophrenia result from evidence of decreased neuronal connectivity between networks that 
support different cognitive processes (Camchong et al., 2011). In considering this and the 
findings around dysfunctional bandwidth activity being related to deficits in FER, rTMS has 
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been trialled as an add on intervention to psychotropic medications to specifically target 
neuronal activity related to facial affect recognition in attempt to ameliorate the deficits. 
Wölwer et al. (2014) found rTMS significantly improved facial affect recognition in 
schizophrenia patients. The effect size for this study far exceeded that of social cognition 
training programs, indicating that NIBS techniques may be a more efficacious treatment 
strategy moving forward.  
Though very different, a commonality of the above-mentioned training programs is 
that the treatment strategies used specifically aim to target FER and not social cognition more 
broadly. Subsequently, the neural mechanisms behind the different facets of social cognition 
may benefit from individual targeting in an attempt to modify social cognition in general. 
Furthermore, FER appears to be clearly linked with bandwidth abnormalities that, when 
specifically targeted, can lead to amelioration of abnormal behavioural performance.  
An extensive understanding of the role of neuronal bandwidth activity in FER 
treatments may have important consequences for clinical outcomes. Research into 
intervention for schizophrenia could benefit substantially from greater knowledge in this 
field, perhaps leading to tailored NIBS doses, targeted sites, or even the pairing with social 
training program approaches, with the primary goal of improved outcomes for individuals. 
8.4 Conceptual Issues and Considerations for Future Research 
The above findings raise of number of important questions about social cognition in 
schizotypy, and the capacity for tACS to modulate both behavioural performance and the 
underlying neurophysiology. Indeed, there are broader conceptual issues worthy of 
discussion, particularly concerning the effects of tACS on the human brain, as they are likely 
contributing to the reported findings.  
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8.4.1 Inter-Individual Variability  
Inter-individual variability refers to differences between participant’s individual 
responses to NIBS. Research around inter-individual variability in NIBS has mainly been 
investigated through the use of TMS and tDCS. When looking at the proportion of responders 
to a NIBS technique in comparison to non-responders, it appears apparent that for an 
individual, a significant response to one technique does not imply likelihood of significant 
response to another NIBS paradigm (López-Alonso, Cheeran, Río-Rodríguez, & Fernández-
del-Olmo, 2014b).  Several reasons have been put forward to explain the variability in results 
between individuals in response to NIBS protocols. Recent studies have attempted to define 
the large inter-individual variability in response to tDCS, however the consensus remains that 
only a portion of the population respond as expected (Hamada, Murase, Hasan, Balaratnam, 
& Rothwell, 2012; López-Alonso et al., 2014a; Müller-Dahlhaus, Orekhov, Liu, & Ziemann, 
2008). Some factors commonly associated with outcome variability include: time of day of 
testing (Ridding & Ziemann, 2010), circadian, metabolic, and hormonal cycles (Inghilleri et 
al., 2004; Sale, Ridding, & Nordstrom, 2008), anatomical aspects such cortical thickness 
(Conde et al., 2012), coil orientation in TMS (Talelli, Cheeran, Teo, & Rothwell, 2007), and 
genetic variation (Cheeran et al., 2008) are some of the proposed factors to influence 
response to NIBS. Age-related differences in response to tDCS was investigated by Fujiyama 
et al. (2014). The authors found that while the magnitude of anodal tDCS induced plasticity 
in older adults was lower than average, it was not significantly reduced in comparison to 
younger people. In looking at individual differences in response to tDCS, Wiethoff et al. 
(2014) found that around half of their participants had a poor or absent response to tDCS on 
corticospinal activity, leading the authors to conclude that 2 mA anodal or cathodal tDCS 
over the motor cortex is highly variable. Recent modelling analyses have shown that anodal 
tDCS is highly influenced by anatomical differences of the brain (Datta et al., 2012), 
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potentially accounting for the individual differences in older people. Endogenous bandwidths 
of the cortex have also been found to affect the efficacy of stimulation, with Neuling et al. 
(2013) finding the power of endogenous alpha bandwidths to be a primary factor in a 
participant’s response to tACS.  
It has been suggested that prior to a participant taking part in a multi-session NIBS 
protocol they complete a single session of stimulation to establish whether they are a 
responder or not. This suggestion comes in light of the finding that 78% of responders to the 
first stimulation session displayed the same result in subsequent sessions (López-Alonso, 
Fernández-del-Olmo, Costantini, Gonzalez-Henriquez, & Cheeran, 2015). The finding raises 
questions about the current research and whether the results have multi-session protocols 
have been largely confounded by individual differences to stimulation. Potentially, NIBS 
techniques could be a lot more efficacious than current research suggests, when used on 
people who respond optimally. These findings reflect the need for better ways to optimize 
NIBS protocols on an individual basis, to improve the replication of study results and 
increase the translation between promising pilot studies and clinical practice.  
8.4.2 Physiological evidence for the effects of tACS and the importance of 
neurophysiological recording  
The effects of tACS on neural activity appears to be able to selectively modulate 
cortical oscillations through the delivery of a current that alternates at a specific frequency 
back and forth between electrodes (Helfrich et al., 2014; Herrmann et al., 2013a). The 
physiological effects of tACS during stimulation have been investigated in anaesthetized 
ferrets, who were stimulated while simultaneous local field potentials and multiunit activities 
were recorded (Ali et al., 2013). During stimulation, local field potentials revealed spiking 
activity to have become synchronized to different driving frequencies, suggesting that 
entrainment of neuronal firing can occur to the electrically applied field (Ali et al., 2013). 
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However, due to the large artifacts produced by tACS in EEG recordings, few studies have 
successfully observed the electrophysiological effects of tACS during stimulation in humans 
(Boyle & Frohlich, 2013; Helfrich et al., 2014). Therefore, through current research on tACS 
and oscillatory activity through electrophysiological recordings pre and post stimulation, it is 
inferred that neural activity adapts to the frequency of external field currents being applied. 
 Despite the current limited understanding of tACS’s effects during stimulation, 
previous studies have reported neural oscillatory changes as an effect of tACS in the absence 
of any EEG recordings (Brignani et al., 2013; Jaušovec, Jaušovec, & Pahor, 2014b; Joundi et 
al., 2012; Laczó et al., 2012; Sela et al., 2012). The studies reached these conclusions through 
the inference of results from EEG studies that found certain bandwidths to be associated with 
specific cognitive functions, in specified areas of the brain. Subsequently, oscillatory changes 
were based on changes in behavioural outcome tasks. In this thesis, EEG recordings were 
performed pre and post stimulation at rest and while participants completed the FER tasks, to 
ensure to the best of our ability, that any bandwidths changes are measured.  Considering the 
limited research in the area of tACS and neural oscillatory modulation, and the fact that the 
physiological effects of tACS on neural oscillations are still largely unknown, it appears to be 
too early to report neural modulation of oscillations without EEG or MEG recordings to 
confirm the results. Future research needs to focus on developing techniques that allow neural 
activity to be recorded during stimulation, and at the very least, employ electrophysiological 
measures into tACS protocols.  
8.4.3 Homeostatic Effects 
Research using tDCS and TMS has found that stimulation dose has a disproportionate 
effect on patient samples in comparison to healthy controls. This discrepancy has been linked 
to the presence of dysfunctional synaptic homeostasis and synaptic plasticity known to occur 
in neurological and psychiatric disorders (Hoy et al., 2013). Findings like this are particularly 
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relevant to this thesis due to the sample being made up of health controls and the results 
being largely non-significant. Recent work has shown than in order to maintain control in an 
ever changing system, homeostatic responses exist to preserve stability (Thickbroom & 
Mastaglia, 2009). A neural mechanism of particular interest when considering NIBS 
application is one identified at specifically detecting sub-threshold changes in neuronal 
potentials by either up or down regulating the activity (Rodger et al., 2012). When an 
excitatory current is applied to the brain, such is the case in tACS, homeostatic changes 
prevent long-lasting neuronal potential changes from occurring (Fertonani et al., 2011; Hoy et 
al., 2013; Rodger et al., 2012). Therefore, it is suggested that modifications or changes in 
neuronal activity in healthy controls is limited through the use of NIBS techniques like tDCS 
and tACS due to these homeostatic responses (Hoy et al., 2013). Indeed, this suggestion 
might explain the results of the current thesis’ results (Fertonani et al., 2011; Fricke et al., 
2011; Lang et al., 2004; Siebner et al., 2004). Future research may consider using EEG pre 
stimulation to determine which intensities of stimulation an individual responds best to.  
8.5 Limitations 
8.5.1 Methodological Design Limitations  
 There are a few methodological issues within the present thesis, the first one being the 
FER task used. This task is newly developed and thus has limited replication and validation. 
While the task was developed with a schizophrenia patient population, the difficulty level for 
non-clinical populations is unclear. Cognitive resource ceiling effects may have been present 
(Hoy et al., 2013), whereby participants were already significantly engaged 
neurophysiologically in the task without stimulation, subsequently making stimulation 
enhancement impossible. 
 Another methodological consideration is that tACS was applied at the same alpha 
frequency (10Hz) for all participants. Previous research using tACS to modify alpha 
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bandwidth activity has recorded alpha activity pre stimulation and subsequently calculated 
each individual’s alpha frequency and stimulated at that frequency (Neuling et al., 2013; 
Pahor & Jaušovec, 2014; Strüber et al., 2015; Vossen et al., 2015; Zaehle et al., 2010b). tACS 
applied slightly below the IAF has been found to increase the amplitude of IAF following the 
conclusion of stimulation (Vossen et al., 2015). Vossen et al. (2015) attributes these tACS 
after-effects to a model based on spike timing dependent plasticity, which predicts synaptic 
strengthening in dominant alpha loops when the stimulation frequency falls into a narrow 
range of frequencies slightly lower than the spontaneous alpha peak. Subsequently these 
findings may suggest that tACS in the present thesis changed individual alpha frequencies, 
however immediately following stimulation they shifted back to their pre-stimulation value. 
10 Hz tACS frequency was employed in this thesis due to it being the average Hz of the alpha 
frequency band, as was also done in Helfrich et al. (2014). By employing an average 
frequency less time was needed during the experimental sessions, reducing the likelihood of 
participant fatigue. The tACS electrodes used in this thesis were 5 cm x 7 cm in size. A 
consequence of large electrode sizes is a limited specificity of application of the electric 
current. Recent research developments into the specificity of current flow using tDCS have 
designed a new application called high definition tDCS (HD-tDCS). HD-tDCS uses arrays of 
specialised compact scalp electrodes to deliver current and subsequently improve focally 
precise electrical current administration (Lang et al., 2005). A benefit of this more focused 
stimulation is that only intended structured are stimulated, thus ensuring that any behavioural 
results are specific to the stimulated area. 
 The present thesis cannot speculate about electrophysiological processes concurrent to 
tACS, although there is growing evidence that entrainment during tACS is highly likely. 
Previous research into the online effects of tACS has found that participants with greater 
alpha power during tACS tended to have greater after-effects following stimulation (Helfrich 
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et al., 2014). In the present thesis, only indirect evidence for a modification of alpha 
frequencies can be provided, by showing the effect of increased mu suppression in the frontal 
lobe following active stimulation, as participants completed the FER task after receiving 
stimulation.   
 The sample size presented in this thesis using a repeated measures design (n = 30) is 
comparable to those presented in similar neuroscience investigations of tACS. Statistically, 
however, the sample may be considered small and thus be underpowered to detect subtle 
differences. Furthermore, small samples sizes also have ramifications in terms of 
representativeness. This is an obvious limitation for the present thesis as the sample presented 
consists of mainly young, high functioning University students. This has further ramifications 
for the sub-clinical schizotypy groups the sample were placed in for a portion of the analyses. 
The SPQ measures the number of schizotypal traits in a non-clinical populations (Raine, 
1991), however due to the small sample in this thesis the spread of SPQ scores was limited, 
potentially resulting in an over or under representation of schizotypy traits.  
8.6 Direction for Future Research 
Although the findings of this thesis are not as expected, to some degree they reflect 
the novelty of research into tACS. The efficacy of tACS in entraining alpha frequencies was 
shown in the frontal region of the brain, however, findings were isolated to this region and 
did not show any relation to FER ability. As is evident in this thesis, future research should 
continue to explore the efficacy of tACS in modifying neural activity and the subsequent 
related behaviours. Noting the success in modifying alpha bandwidth activity with tACS 
when IAF are applied, future research should consider using this frequency method to 
ascertain the success of this method. This research may also seek to inform whether 
individual frequency matching is needed not only for modification but for entrainment post 
stimulation.  
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Additionally, directly related to the protocol in this thesis, future research should 
consider increasing the number of tACS sessions to determine whether number of sessions is 
related to neurophysiological and behavioural outcome. While increasing the number of 
sessions may be advantageous in terms of greater neural activity modification, the ethical 
implications of applying multiple stimulation sessions on health controls must be considered. 
As the primary aim of tACS is to modify abnormal neural bandwidths, increasing the number 
of stimulation sessions should be done with patient populations where there are presumed 
neuronal abnormalities, as discussed in 7.4.3. Future research in control populations may 
benefit from exploring the effects of IAF tACS over the sensorimotor cortex on FER ability. 
Varying protocols, as well as novel combinations of techniques, can contribute substantially 
to the brain stimulation and schizophrenia field, providing a new depth of understanding. As 
mentioned throughout this chapter, previous studies that have used numerous (>2) 
stimulation sessions and found behavioural and electrophysiological changes have done so in 
patient populations (i.e. schizophrenia).  
 Limited research thus far has successfully observed the online activity of tACS on 
bandwidth activity. Future research should continue to explore techniques that enable 
successful neurophysiological recording during stimulation. This capability would facilitate 
the field’s knowledge on the online processes of tACS and better support new protocols in 
effectively entraining oscillatory activity. Additionally, drawing on the evidence from HD-
tDCS, future research should consider employing the same principle with tACS to increase 
the specificity of stimulation application. With greater specificity, the outcomes of 
stimulation can accurately be attributed to the stimulation properties and location of 
electrodes. 
 The psychometrics of the SPQ were based on large sample sizes ensuring a wide 
spread of score and subsequently schizotypy traits (Raine, 1991). Future research into the 
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effectiveness of tACS on FER in schizotypy should seek to gain a larger, more representative 
sample to ensure a greater spread of scores and therefore traits. Alternatively, given the 
results of this thesis and the lack of side-effects noted in the use of tACS, future research may 
consider using the protocol of this thesis in a sample of individuals with schizophrenia. These 
results would be informative for the neurophysiology and FER ability of schizophrenia but 
would also serve to highlight discrepancies between the disorder and schizotypy. 
 The results from this thesis have consistently shown that the deficits noted in FER 
and alpha activity in the sensorimotor cortex are minimally dysregulated in comparison to 
that found in schizophrenia. In considering this, future research would serve to benefit from 
using the same protocol as this thesis in schizophrenia populations to: 1) further confirm the 
relationship between dysregulated alpha over the sensorimotor cortex and FER, 2) Assess 
tolerability of tACS in schizophrenia populations, and 3) most importantly, establish whether 
tACS is able to modify alpha activity in this area and subsequently improve FER ability. 
tACS is yet to be used in a clinical population like schizophrenia, however the results of this 
thesis indicate that there is potential safety in doing so and potential benefit in the 
modification of oscillations at the alpha frequency in the frontal lobe, from where FER ability 
is found to originate. 
8.7 Overall Summary and General Conclusion 
Deficits in social cognition, and FER in particular, have been found in schizophrenia 
and linked to the prognosis of the disorder. Schizophrenia research is often undertaken in 
schizotypy populations due to the neurobiological similarities between the two samples; for 
example, abnormalities in neural bandwidths related to cognitive deficits have been identified 
in schizophrenia, and similar deficits have also been noted schizotypy samples. Therefore, 
conducting preliminary research in schizotypy populations is beneficial in reducing the 
influence of psychosis, psychiatric medications and potential institutionalization factors that 
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are common in schizophrenia. The current thesis aimed to alter FER ability in participants 
with high and low schizotypal traits through the modification of alpha bandwidth activity 
over the sensorimotor cortex through tACS. The overall findings of the thesis were contrary 
to expectation, in that: a) no differences in FER ability were found between high and low 
schizotypy trait participants, and this ability remained consistent following tACS, b) the only 
effect of tACS on neural activity was found in the frontal region with decreased mu 
suppression, and c) bandwidth activity did not differ between high and low schizotypy 
groups, and no relationships were found between alpha activity pre or post stimulation.  
Given the highly novel method of tACS and heterogeneous nature of oscillatory 
activity and its relation to behaviour, caution must be taken in generalizing the findings of the 
present thesis to schizotypal personality traits and schizophrenia samples. The findings 
presented here in no way discount the literature supporting the notion of tACS having 
efficacy in the modification of bandwidth activity, nor the notion of abnormal alpha activity 
and FER ability in schizotypal personality trait samples. Rather, these findings contribute 
important knowledge to this very novel intervention and complex spectrum of disorders. The 
research is still in the early stages of understanding the relationship between bandwidth 
activity and behaviour, and the ability of NIBS techniques to modify it. Subsequently, it is 
critical that future research continues to explore these areas, especially in relation to a 
complex set of symptoms like those seen in schizophrenia spectrum disorders. 
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Memorandum
To:
From:
Date:
Subject: 2014-258
The effect of non-invasive transcranial stimulation on social cognition
Dr Peter Enticott
School of Psychology
B
Deakin University Human Research Ethics Committee (DUHREC)
07 May, 2015
Please quote this project number in all future communications
The modification to this project, submitted on 30/04/2015 has been approved by the committee executive on
7/05/2015.
cc:  Ms Kirstyn Windsor
        Mr Peter Donaldson
Human Research Ethics
Deakin Research Integrity
Burwood Campus
Postal: 221 Burwood Highway
Burwood Victoria 3125 Australia
Telephone 03 9251 7123 
  research-ethics@deakin.edu.au
Approval has been given for Ms Kirstyn Windsor and Mr Peter Donaldson, under the supervision of 
Dr Peter Enticott, School of Psychology, to continue this project as modified to 29/01/2019.
In addition you will be required to report on the progress of your project at least once every year and at the
conclusion of the project. Failure to report as required will result in suspension of your approval to proceed with
the project.
DUHREC may need to audit this project as part of the requirements for monitoring set out in the National
Statement on Ethical Conduct in Human Research (2007).
• Serious or unexpected adverse effects on the participants
• Any proposed changes in the protocol, including extensions of time.
• Any events which might affect the continuing ethical acceptability of the project.
• The project is discontinued before the expected date of completion.
• Modifications are requested by other HRECs.
The approval given by the Deakin University Human Research Ethics Committee is given only for the project and
for the period as stated in the approval. It is your responsibility to contact the Human Research Ethics Unit
immediately should any of the following occur:
Human Research Ethics Unit
research-ethics@deakin.edu.au
Telephone: 03 9251 7123
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  HEALTHY ADULT PARTICIPANTS 
 
 
Plain Language Statement  
Date:     13/11/2014 
Full Project Title: The effect of non-invasive transcranial stimulation 
on social cognition (Study 1) 
Principal Researcher:  Associate Professor Peter Enticott 
Associate Researchers: Professor Nicole Rinehart, Dr. Kate Hoy, Ms. 
Melissa Kirkovski 
Student Researchers:  Ms. Kirstyn Windsor, Mr. Peter Donaldson 
 
Thank you for taking the time to read this Information Statement. 
This Participant Information Statement contains detailed information about the 
research project.  Its purpose is to explain to you as clearly as possible all the 
procedures involved in the project before you decide whether or not to take part in it. 
Please read this information carefully.  Feel free to ask questions about anything in 
the document.  You may also wish to discuss the project with a relative or friend.  
Please feel free to do this. 
Once you understand what is involved in the project and if you agree to take part in it, 
you will be asked to sign the Consent Form.  By signing the Consent Form, you 
indicate that you understand the information and that you give your consent to 
participate in the project. 
Participation in this study is voluntary. If you do not wish to take part you are not 
obliged to. If you decide to take part and later change your mind, you are free to 
withdraw from the project at any stage. Your decision whether or not to participate 
will not affect your relationship with Deakin University.     
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You will be given a copy of this Participant Information Sheet and Consent Form to 
keep as a record. 
 
STUDY OVERVIEW 
You are invited to take part in a research study. This is because you are a healthy, 
right-handed adult aged 18 to 40. The purpose of this study is to investigate how 
specific patterns of brain activity allow us to understand other people and social 
situations. Specifically, we will study whether brain stimulation to encourage a 
particular pattern of brain activity affects how well we can recognise others’ emotions 
during computerised tasks. The technique we will use to stimulate the brain is called 
transcranial alternating current stimulation (tACS). Abnormal activity in the brain has 
been linked to deficits in neurological and psychiatric disorders. If tACS is able to 
modify activity in the brain related to social functioning, then it may show potential 
for a future treatment for social deficits in schizophrenia where currently there is 
none.  
 
WHAT WILL I BE ASKED TO DO? 
Participants will attend two sessions, which will take place at the Cognitive 
Neuroscience Unit (CNU), Deakin University (Burwood Campus).  
The research sessions will take approximately 2 hours in total. At the beginning we 
will ask you some questions about yourself, including demographics and your 
medical history, and you will fill out some questionnaires that ask about your social 
styles and behaviours. This is expected to take about 10 minutes.  
We will then attach small electrodes to your head to measure brain activity. This will 
take about 20 minutes. 
You will then perform two computer tasks, the first involving the recognition of 
emotion from faces presented on a computer screen and the second involving 
identifying whether a letter was presented in a sequence of letters that will be 
presented (taking approximately 20 minutes).  
After completing the tasks you will then undergo tACS. This uses a stimulator with 
two electrodes, and will be used to stimulate some of the cells in your brain (i.e., 
generally those beneath the electrodes). tACS involves the application of gentle 
electrical currents to the scalp through electrodes, which can affect activity in various 
parts of the brain depending on where it is applied.  
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You will not hear any sound with the tACS but you may feel a tingling and/or heating 
sensation on your scalp. This will take approximately 20 minutes. If you experience 
any discomfort you can ask the procedure to be stopped at any time. 
As tACS uses low-level constant current, there are various factors that may exclude 
you from participating in this study.  These include having a pacemaker or metal 
objects like cerebral aneurysm clips inside your body.  This is why prior to testing, 
you will be asked a series of questions to determine your suitability in participating in 
this study. 
Immediately after the tACS, you will repeat the computerised tasks, which will take 
approximately another 20 minutes. 
Each session will be identical, except that the initial questions won’t be repeated in 
the second session, and the mode of tACS will be difference in each. In one session 
you will receive active (i.e., real) stimulation, while in the other session you will 
receive sham (i.e., placebo) stimulation. You will not be aware of which stimulation is 
occurring in each session.   
RISKS AND POTENTIAL BENEFITS TO PARTICIPANTS  
You will not be able to take part in this study if you have a history of psychiatric or 
neurological illness (including depression or anxiety), have ever experienced a 
seizure, have any metal in the head outside of the mouth, have any implanted medical 
devices, have ever experienced a serious head injury, are pregnant, suffer from 
frequent or severe headaches or migraines, or are employed as a driver or machine 
operator (as an adverse event might affect your employment). 
There are few possible side effects that have been reported to be associated with 
tACS, which include brief tingling sensations (rarely accompanied by redness under 
the electrodes), mild nausea, and in some cases transient headaches that respond 
promptly to aspirin, paracetamol or other analgesics. You may also feel sensations of 
heat and itching under the electrodes, but this generally only occurs during the first 
moments of stimulation. 
If you are uncomfortable in undertaking any of the procedures, please do not hesitate 
to contact the research investigators. 
We will be able to communicate with you throughout the testing. If you become 
uncomfortable at any point, you can ask us to stop. At least one of the researchers 
present will have first aid training. 
You are not expected to receive any direct benefit from participating in this study. 
EXPECTED BENEFITS TO THE WIDER COMMUNITY 
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This study will enhance our understanding of the way in which the brain allows us to 
understand other people and social situations. This may eventually lead to advances in 
the treatment of conditions that involve social abnormalities, such as schizophrenia. 
PRIVACY AND CONFIDENTIALITY 
Participation in this study will be confidential. Your data will not contain your name 
or any identifying information, and it will only be accessible to members of the 
research team listed above. In any report arising from this study, only group data (e.g., 
averages) will be reported. 
The student researchers will write a research report on the basis of this study, and this 
will be used to help them attain the degree of Doctor of Psychology (Clinical). It is 
also expected that the results of this research will be published in a scientific journal. 
If you would like to be informed of the results at the conclusion of the study, please 
tick the box beneath the consent form (page 5) and provide your email address. 
REIMBURSEMENT AND FUNDING 
Participants will be reimbursed $30 per session to cover travel and meal expenses. 
This research is funded in part from a National Health and Medical Research Council 
(NHMRC) Career Development Fellowship awarded to A/Prof. Peter Enticott 
($404,000), and funding provided for Doctorate research through the School of 
Psychology, Deakin University ($2,000). 
WHAT IF I DECIDE TO STOP PARTICIPATION DURING THE STUDY? 
If you wish to withdraw from the study at any stage, your decision will not be 
questioned and any information that you have provided to that point will not be used. 
WHO CAN I CONTACT FOR FURTHER INFORMATION? 
This research in being conducted within the Cognitive Neuroscience Unit (CNU), 
School of Psychology, Monash University. A/Prof. Peter Enticott is the principal 
researcher. You can contact him on (03) 9244 5504 or via email 
(peter.enticott@deakin.edu.au). 
COMPLAINTS 
If you have any complaints about any aspect of the project, the way it is being 
conducted or any questions about your rights as a research participant, then you may 
contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, 
Burwood Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au 
Please quote project number 2014-258.  
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: HEALTHY ADULT PARTICIPANTS 
 
Consent Form 
Date:     13/11/2014 
Full Project Title: The effect of non-invasive transcranial stimulation 
on social cognition (Study 1) 
Reference Number:  2014-258 
 
 
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal my identity and personal details, including 
where information about this project is published, or presented in any public form.   
 
 
Participant’s Name (printed) 
…………………………………………………………………… 
Signature ……………………………………………………… Date  
………………………… 
 
☐ Please tick this box if you wish to receive a summary of results at the conclusion 
of the study, and include your email address below. 
 
Email 
……………………………………………………@…………………………………
…………………………………….. 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: HEALTHY ADULT PARTICIPANTS 
 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date:     13/11/2014 
Full Project Title: The effect of non-invasive transcranial stimulation 
on social cognition (Study 1) 
Reference Number:  2014-258 
 
 
 
I hereby wish to WITHDRAW my consent to participate in the above research project 
and understand that such withdrawal WILL NOT jeopardise my relationship with 
Deakin University. 
 
 
 
Participant’s Name (printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. Date 
…………………… 
 
 
 
Please mail or fax this form to: 
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 Associate Professor Peter Enticott 
School of Psychology, Deakin University 
221 Burwood Hwy, Burwood VIC 3125 
Ph: (03) 9244 5504  Fax: (03) 9244 6858
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Appendix D 
NIBS safety screen 
 
  
 
Non-invasive Brain Stimulation Screening Interview 
 
Date:  
 
Interviewer:  
 
Study:  
 
Participant ID:  
 
 
Technique/s used (please tick): 
☐ Transcranial magnetic stimulation (TMS) 
☐ Repetitive transcranial magnetic stimulation (rTMS) 
☐ Transcranial direct current stimulation (tDCS) 
 
☐Transcranial alternating current stimulation 
(tACS)  
☐ High-definition tDCS (HD-tDCS)
BOTH TMS/tDCS 
 
 Have you ever had an adverse reaction to TMS/tDCS?  ☐ Yes ☐ No 
 
 Have you ever fainted or felt that you might faint?  ☐ Yes ☐ No 
 
 Have you ever had a head injury that was diagnosed   
as concussion, or involved a loss of consciousness?  ☐ Yes ☐ No 
 
 Have you ever had brain surgery?  ☐ Yes ☐ No 
 
 Do you have any metal in your head (outside the mouth), 
including shrapnel, surgical clips, or welding fragments?  ☐ Yes ☐ No 
 
 Do you ever get headaches or migraines?  ☐ Yes ☐ No 
 
 Do you have any implanted medical devices, such as 
cardiac pacemakers, medical pumps, or intracardiac lines?  ☐ Yes ☐ No 
 
 Have you ever had any other brain-related condition?  ☐ Yes ☐ No 
 
 Are you pregnant, or is there any chance that you might be pregnant?  ☐ Yes ☐ No 
 
 In the past 24 hours have you consumed any alcohol or recreational drugs? ☐ Yes ☐ No 
   
 Are you currently taking any medication?  ☐ Yes ☐ No  
   
TMS ONLY 
 
 Have you ever had a seizure?  ☐ Yes ☐ No 
 
 Does anyone in your family have epilepsy?  ☐ Yes ☐ No 
 
If yes to any of the above, provide details:  
 
 
  
 
 
 
 
  
  
Appendix E 
Post-stimulation questionnaire
  
Non-invasive Brain Stimulation Post-stimulation Survey 
 
Date:  
 
Interviewer:  
 
Study:  
 
Participant ID:  
 
 
Technique/s used (please tick): 
 
☐ Transcranial magnetic stimulation (TMS), single or paired pulse 
☐ Repetitive transcranial magnetic stimulation (rTMS) 
☐ Transcranial direct current stimulation (tDCS) 
☐ Transcranial alternating current stimulation (tACS) 
☐ High-definition transcranial direct current stimulation (HD-tDCS) 
 
The purpose of this questionnaire is to record any effects that you may have experienced 
after non-invasive brain stimulation. To ensure your safety, please answer as accurately as 
possible. Please answer ‘Yes’ or ‘No’ to the following questions. If you have answered ‘Yes’ 
to any of the questions below, please indicate on the five-point scale how ‘Severe’ the 
negative event felt. ‘1’ is very mild, ‘3’ is moderate, and ‘5’ is severe. Please ensure that 
you answer all questions, even if you did not experience any negative effects. 
 
Did you experience any of the following? If Yes, how severe? 
 
 Mild Moderate Severe
  
 No Yes 1 2 3 4 5 
Headache        
Migraine        
Scalp pain        
Face pain        
Ear pain        
Neck pain        
Shoulder pain        
  
Body pain        
Numbness/”Pins and Needles”        
Toothache        
Nausea        
Problems with vision        
Weepiness/crying        
Nervousness/anxiety        
Fatigue        
Dizziness        
Fainting/feeling faint        
Skin rash/burn        
Thinking difficulties        
Speaking difficulties        
 
PLEASE TURN OVER 
 
 
If you answered ‘Yes’ to any of the above items, please provide details: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Did you experience any change in mood? 
 
  
If yes, please describe: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Do you have any other complaints or concerns that have not appeared above? 
 
If yes, please describe: 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
